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SEX CHROMATIN ELIMINATION 
MALE PYRRHOCORID BUG, 


G. K. MANNA! 


IN THE POLYMORPHIC 
IPHITA LIMBATA 


& S. DEB-MALLICK 


Department of Zoology, University of Kalyani, Kalyani 741 235, 
West Bengal, India 


( Received 14 June 1981) 


Males of /phita limbata reported by others to have 2n -20 (12+2m+46X0O) and 2n 23 
(22 4+ XO) whil2 we found 2n 16 (12 4- 2m 4- XX) in oogonial plates and 2n —23 
(124-2m4-9XO, chromosomes in spermatogonial plates. In males one X, siight-differential, 
was the original wh le 8 others were product of it and they form d variable associations 
during spermatogenesis Typically metaphase | cont:ined centrally situated m-pair. 6 auto- 
somal bivalents around it and 9 X elements formed various dispositions. Anaphase | was 
equational for X elaments as metaphas2 ll contained 6 autosomes, 1 m and 9 X elements 
mostly in two groups of 4 and 5. Anaphase ll was reductional for the sex elements 
when 5 and 4 X elements moved to opposite poles with 6 autosomes and 1 m-chromosome.- 
Four X elements in each pole showed sign of degeneration making only the oríginal X 
viable, Thus it was suggested that in male embryo during earlv cleavage, the single 
original X gave rise to 8 extra X elements by a suspected mechanism of gene amplific- 


ation. 


sent 
studied by others. 


These extra 8 X elements were eliminated after anaphase 
again from the original X in males of the next generation, 


ll and would originate 
Male individuals of the pre- 


population were chromosomally polymorphic as compared to other two populations 


(Key words:—origin and elimination of extra X, male bug, /phita limbata) 


INTRODUCTION 


The largid bug, /phita limbata appeared 
cytologically polymorphic since diflerent 
workers including the present authors had 
found different diploid numbers and sex chro- 
mosome constitutions in males of this species. 
BANERJEE (1958) described 2n = 20 chro- 
mosomes in the spermatogonial metaphases 
which at metaphase I comprised six auto- 
somal bivalents, a pair of m-chromosomes 
and six X chromosomes; the latter remained 
fused in other stages. The account given 
by BANERJEE (19:8) was rather incomplete 


Grateful acknowledgement is made to the Uni- 
versity Grants Commission, New Delhi for the 
financial support. 


as he did not determine the oogonial 
number in claiming the six . X chromosomes 
and no Y in male. However, later RAJA- 
SEKHARASETTY (1963) reported in males 
of the same species, collected from a dis- 
tance of about 2,600km the occurrence 
of spermatogonial number of 23 chromo- 
somes which comprised 11 pairs of auto 
somes and only a single conspicuously 
large X and there was no m-chromosome 
pair. The meiosis was of orthodox type 
as found in XO males of other hetero- 
pteran species (MANNA, 1951) Very likely 
RAJASEKHARASETIY (1963) missed the 
paper by BANERJEE (1958) on ~. limbata 
as no comparison was made by him bet- 
ween the two findings. These findings 
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were fundamentally different with regard 
to diploid number, sex chromosome con- 
stitution etc. 


During the survey of chromosome 
numbers and their behaviour in males of 
different species of Heteroptera carrried out 
by us (MANNA, 1951, 1957, 1958, 1962; 
MANNA & DEB-MALLICK, 1980, unpubli- 
shed), we came across a population of 
I. limbata under present report which 
showed the peculiar phenomenon of the 
origin and elimination of extra X chromo- 
somes during spermatogenesis not reported 
by earlier workers, The elimination of 
chromosomes of various nature though re- 
ported in Ascaris, other group of insectS 
and man (vide infra) cited by WHITE 
(1973), the phenonmenon under present 
report has been somewhat peculiar and not 
exactly was known in Heteroptera. 


MATERIAL AND METHOD 


Sixty adult males and twelve females of /phita 
limbata (Pyrrhocoridae : Heteroptera) were col- 
lected from the host plant, Trewia nudiflora at 
Kalyani, a place also located in West Bengal 
separated by a distance of about 50km from 
that of BANERJEE (1958) and by 2,600km from 
that of RAJASEKHARASETTY (1963) viz., Trivan- 
drum, Kerala. Testes of each male were fixed 
in acetic-alcohol (1:3), separately squashed and 
stained normally with iron-alum haematoxylin 
and in some cases with Feulgen stain. Simi- 
larly, ovaries of each female were fixed, squa- 
shed and stained to determine mainly the oogonial 
number; but only 5 out of 12 individuals tried 
yielded some divisional stages suitable for chro- 
mosome studies. 


OBSERVATIONS 


In the ovary, the diploid number of 
16 chromosomes determined from 30 plates 
in prometaphase and metaphase stages 
(Figs. 1, 21) consisted of m-chromosomes 
demarcated by their minute size and differ- 
ential stainability and 14 other chromo- 
somes showing no such distinguishable 


G. K. MANNA AND S. DEB-MALLICK 


features among themselves. The latter ones 
included a pair of X chromosomcs which 
was predicted only after studying meiosis 
in males (vide infra). In early primary 
oocyte prophase nuclei, two positively he- 
teropyenouc bodies of similar size could 
occasionally be seen among other diffusedly 
stained autosomal bivalents (Fig. 2). They 
possibly represented the two sex chromo- 
somes which more often fused to form a 
single large mass. The behaviour of the 
two X chromosomes could not be followed 
further for lack of other oocyte stages. 


Testes in all sixty male individuals 
showed uniformly the occurrence of the 9 
peculiarly behaving sex chromosomes indi- 
cating thereby that the population was a 
monomorphic one, The supermatogonial 
prometaphase and metaphase complements 
contained 23 chromosomes consisting of 12 
medium-sized autosomes, 2 minute m-chro- 
mosomes and 9 sex chromosomes (Figs. 3, 
22) The number of autosomes and m- 
chromosomes was constant but the 9 sex 
chromosomes formed associations in various 
numercial combinations among themselves 
making correspondingly the total number 
of elements also variable in the comple- 
ments (Figs. 4—6). In some instances 8 
of 9 sex elements fused into a single large 
mass while the 9th element, referred to 
hereunder as the original X, remained 
somewhat isolated and sometimes showed 
a little more deeper stain with both Feul- 
gen and haematoxylin (Fig. 4). In other 
plates all the 9 sex elements were lying 
close by joined with interchromosomal con- 
nections (Fig. 5), or else 8 of 9 sex elements 
arranged in two (Fig. 6) or more groups. 
Sometimes the sex elements were distin- 
guishable from autosomes by their slightly 
more staining intensity, relatively small 
sizes and somewhat peculiar dispositions, 
The two m-chromosomes were definitely 
identifiable by their very minute size and 
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negetively heteropycnotic behaviour. The 
9 sex elements in males were recognized 
as X elements because the spermatogonial 
number was 23 (Fig. 3, 22) against the 
oogonial number of 16 chromosomes in- 
cluding a pair of Xs (Fig. 1). The other 
points in favour of suggesting the extra 
sex elements being the products of the 
original single X and not Ys present in 
males and missing in females have been 
discussed afterwards (vide infra). 


In testes of males the early prophase 
I contained diffusedly stamed thread like 
bivalents and 9 deeply stained Feulgen 
positive sex elements (Figs. 8, 9, 23) either 
fused into a single mass (Fig. 7) or else 
the original X element had an isolated 
position while 8 other sex elements (Xs?) 
formed one (Fig. 9) or more groups as 
found in spermatogonial metaphases. Late 
diplotene and diakinesis, nuclei contained 
6 autosomal bivalents, two ri-chromosomes 
and 9 X elements forming various asso- 
ciations (Figs. 10, 24). Typically in polar 
view of metaphase 1, 9 univalent sex chro- 
mosomes and 6 autosomal bivalents were 
found to arrange in the form of ring round 
the centrally placed m-pair (Figs. 11, 25, 
26). The nine sex chromosomes also formed 
various associations (Figs 12, 26, 27) as 
found in prophase I. Anaphase | seemed 
to be equational for sex chromosomes 
though their number moving to each pole 
was not individually countable because of 
their crowded dispositions (Figs. 13, 28). 
Sometimes chromatin bridges between sepa- 
rating chromosomes were seen in this stage 
(Figs. 14, 29). That the anaphase I was 
equational for the sex chromosomes was 
substaniated in some favourable plates of 
metaphase If which showed 6 autosomes 
1 m-chromosomes (sometimes obscured for 
minute size and stain) and 9 X elements 
in various associations (Figs. 15—18, 30, 
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31). In most plates of metaphase JI the 
sex elements formed a single mass (Figs. 
16, 31) or arranged in groups (Figs. 17, 
18, 30). In the latter the original X gene- 
rally remained isolated from the other 8 
sex elements had variable associations at 
metaphase II, at anaphase II clear indica- 
tion of their reductional separation in two 
groups was shown viz., one with 5 sex 
chromosomes including the original X and 
the order with 4 X elements along with 
6 autosomes plus one m-chromosome 
moving to each side (Figs. 19, 32). The 
critical study of the different plates in 
late anaphase II indicated that the 4 sex 
elements moving to one side and 4 among 
5 sex elements moving to the opposite side 
were undergoing gradual degeneration while 
the original X element (one in the 5-element 
group) included in one daughter nucleus 
and survived (Fig. 20). This would suggest 
that 8 out of 9 sex elements were possibly 
the product of the original X. The latter 
kept its identity not only when extra 8 X 
elements were on their way to dissolution 
after anaphase II but also in other earlier 
stages. 


DISCUSSION 


The sex determining mechanism in 7. 
limbata in the population under study was 
peculiar, WHITE (1973) reviewed other 
forms of elimination of chromosome or 
chromatin material in various animals but 
did not come across the present type. In 
a few nematodan species of Ascaris during 
the very early cleavage regular elimination 
followed by ultimate degeneration of the 
club-shaped terminal ends leavings the holo- 
centric or polycentric chromosomal part 
destined to pass into the somatic cells was 
recorded by some workers (WALTON, 1924; 
WHITE, 1973). The elimination of the ter- 
minal heterochromatic segments at the fifth 
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Camera lucida drawings X ca. 2000. Figs. 1,2 of females and 3—20 of males. Figs.: 1. Oogo- 
nial metaphase with 16 chromosomes. 2. Early primary oocyte, two deeply stained bodies 
perhaps representing 2 Xs. 3. Spermatogonial metaphase with 23 chromosomes. 4. Spermato- 
gonial premetaphase showing 8 X elements fused into a mass and the original X lying Clvse to it. 
5. Spermatogonial early metaphase showing 9 X elements connected with interchromosomal 
connections and two m chromosomes with one autosome. 6. Spermatogonial early metaphase 
showing 8 extra X elements formed two groups of 4 and the original X lying apart. 7. Early 
spermatocyte prophase 1], a big heteropycnotic mass forn ed possibly by the fusion of 9 X 
elements. 8. Early prophase I showing diffusely stained thread like autosomal bivalents and 9 
deeply stained Y elements. 9. Early prophase I. 8 of 9 X elements lying closely while the 
isolated Otu X element possibly represented the original one. 10. Diakinesis, 9 X elements 
closely rssocietd. 11. Metaphase | showing six relatively large autosomal bivalents, the m 
pair, 8 smaller extra X elements and the medium-sized original X. 12. Metaphase 1 showing 4 
pseudo-pairs formed by 8 extra X elements while the unpaired original X lying close to them. 
Centrally placed m pair and bivalents are also seen. 13. Anaphase | with 6 autosomes, 
one m and one fused mass formed by the Xs at erch pole. |. Anaphase I showing 
chromatin bridges formed possibly by the X elements. 15. Metapoase Il, 9 closely situated 
X elements, 6 relatively large autosomes and an m chromosome. 16. Metaphase '1, 9 X 
elements fused into a mass while 6 autosomes and the m lying separate — 17. Metaphase 1l, 
8 extra X elements formed two groups of 4 besides the original 9th X element in one, and 
six autosomes and the m lying free. 18  Metaphase ll, 8 extra X elements formed a beaded 
chain, while the original X little smaller than 6 autosomes lying apart 19 Anaphase Il sh w- 
ing 5 and 4 sex elements moved to opposite poles along with 6 autosomes and the m chro- 
mosomes. The larger X element mn group of 5 in one pole pos ibly the original X 20. 
Anaphase Il showing dissolution of 4 X elements at each pole while the original X retained at 
one side alung with 6 autosomgs and the m chromosome. 
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or sixth embryonic cleavage division in the 
copepod Cyclops, reported by BEERMAN 
(1959; was explained by STICH (1962) as 
perhaps loss of DNA of chromosomal 
Origin indicating a type of gene amplifi- 
cation mechanism. Elimination of masses 
of DNA and protein was reported in dia- 
pausing Chironomus larva at 4th instar 
stage (KEYL de HAGELE, 1966). In the 
dipteran Sciara coprophila, the paternal 
chromosomes along with the X were seen 
to be eliminated at the seventh or eighth 
cleavage division (DU BOIS, 1933). MANNA 
(1951) also observed the elimination. of 
Feulgen positive 'chromatoid' body which 
was not an integral part of chromosome 
itself during spermatogenesis in pentatomid 
bugs, Dolycoris indicus, Halyomorpha pica, 
Nezara viridula, Piezodorus hybneri, Scutel- 
lera perplexa, in coreid bug Elasmomia 
granulipes, and in reduvid bug Sycanus sp. 
Among Homoptera, in aphids the single 
or multiple X chromosomes are eliminated 
at the sexuparae stage of the cyclical 
parthenogenetic forms (see MANNA 1979), 
Further, Feulgen negative masses of ribo- 
nucleoprotein were regularly left out at 
anaphase in the mite, Pediculopsis graminum 
(COOPER, 1939) and in the cleaving eggs 
of some species of Lepidoptera (see WHIIE, 
1973). In several species ot Cecidomyidae 
a number of ‘eliminated’ chromosomes 
of the zygote nucleus were reported to be 
thrown out during certain cleavage divi- 
sion as laggards and the E-chromosomes 
with their parts and products clumped 
into pycnotic masses in the yolky cyto- 
plasm (see WHITE, 1973). The pycnotic 
masses ultimately underwent disintegration 
by breaking into pieces possibly due to 
some enzymatic ac'ivity as suggested in 
case of Ascaris (BOVERI, 1909, 1910, 1911). 
Further mutation producing ‘fragile sites’ 
has been claimed in chromosomes of man 
(LEJEUNE, et al., 1968) as well as in grass- 
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hopper (WHITE, 1966). Therefore WHITE 
(1971, page 467) rightly remarked. “The 
existence Cf a fundamental similarity bet- 
ween meiotic mechanism of most multi- 
cellular organisms should not blind us, 
however, to the complex evolution which 
meiosis has undergone and the numerous 
detailed modification which occur". The 
origin from the original X and the elimi- 
nation of 8 adduicnal X elements in male 
I. limbata were thus one such peculiar 
modification among various types reviewed 
by WHITE, (1973). It has been suspected 
that the same type of sex chromosome 
origin and elimination is operative in 
another largid bug, Macroceroea (Lohita) 
grandis (BANERJEE, 1959; MANNA & DEB- 
MALLICK, unpublished), 


Although we are aware of its crucial 
importance, the exact time of origin and 
degeneration of 8 additional X elements 
is yet to be found out. We have not yet 
been able to study the chromosome con- 
stitution during the early eleavage follow- 
ing fertilization. Jt bas been suspected 
that the 8 additional sex elements but 
not the original X showing the sign of 
degeneration after undergoing reductional 
division at anaphase II might have com- 
pleted the dissolution during spermioge- 
nesis or after fertilization. The fresh ori; in 
of the additional 8 X elements very likely 
took place as the product of the original 
X in the early cleavage divisions, That 
the extra 8 X elements did not originate 
by fragmentation of the original X would 
find support from the fact that the size 
of the single X in the Trivandrum popu- 
lation (RAJASERHARASETIY, 1963) was 
not large enough to give rise simply by 
fragmentation to 9 X-elements in the present 
population. Further, their origin solely 
by non disjunction of the original X would 
be remote as they did neither pair with 
the original X nor were their sizes same, 
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Partial role of non-disjunction was not, 
however, ruled out (vide infra). It could 
be speculated that 4 additional X elements 
were the products of the original X due 
to gene amplification, each of which sub- 
sequently doubled due to non-disjunctions. 
This could be supported by the reductional 
behaviour at anaphase II and sometimes 
pairing in twos at metaphase I. 


Since the spermatogoniai chromosome 
number was 23 and the oogonial number 
was 16, one could suspect alternatively 
the sex chromosome mechanism in this 
species as one X and 8 Ys in male and 
XX in females because 8 additional sex 
elements were unaccountable in the oogo- 
nial complements. Therefore, we were left 
to the choice of discarding the possibi- 
lity of multiple Ys and one X in males 
on some more grounds. Firstly, the extra 
sex elements were undergoing reductional 
division at anaphase II followed by their 
degeneration and secondly they did not 
form the sex pseudo-multivalent structure 
at metaphase Il with the X at one side 
and 8 so-called Ys at the other along 
the poleward direction in the spindle 
which was normally expected in meiosis 
of male Heteroptera with multiple sex 
chromosome mechanism (MANNA, 1951, 
1962; RAY CHAUDHURI & MANNA, 1955). 
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The males of this species shou!d not also 
be considered to have ordinary multiple 
Xs without Y as found in some other 
species of Heteroptera (MANNA, 1951, 1957, 
1958, 1962) because in such case the 
oogonial plates in Z. limbata should have 
contained 32 chromosomes consisting of 
12 autosomes -|- 2m + 18 X chromosomes 
instead of 16 with 2 Xs only. Having 
failed to subscribe to include the 8 of 9 
sex elements as regular members with 
their uninterrupted continuity through 
generations, we were left with no other 
alternative but to think that their orign 
took place by chromatin synthesis of the 
original X during early embryogenesis, 
possibly by the mechanism of gene am- 
plification as suggested by STICH, (1962) 
on other material. The initial increase 
of 4 additional sex elements could have 
multiplied to 8 by non-disjunction ds 
surmised before. However, on this basis 
the correlation of chromsome behaviour 
between the present population and that 
of Trivandrum (RAJASEKHARASETTY, 1963) 
would be only possible through very 
complicated evolutionary process because 
the latter had 2n—23 chromosomes viz., 
22 autosomes and one conspicuously large 
X The spermatogonial number was the 
same in both the populations but the 
karyotype in the present population differed 


Fig. 21. 
23 chromosomes. 


Oogonial prometaphase with 16 chromosomes. 
23. Early prophase I with 9 deeply stained sex elements in close association. 


22. Spermatogonial metaphase with 


24. Late diplotene with 6 autosomal bivalents, fused sex elements forming a mass while m 


chromosomes obscure. 25. 


9 X chromosomes lying in pairs. 
elements in paired condition. 28. 
Sex chromosomes at each pole. 


29. Anaphase I with chromatin bridges. 


Metaphase I with relatively large 6 autosomal bivalents and 9 
smaller X elements surrounding the centrally placed vi-chromosomes. 
27. Metaphase I, typically m-pair at the centre and some X 
Anaphase I with 6 autosomes, single 7; chromosome and 


26. Metaphase I, 4 of 


30. Metaphase II 


showing the original X lying close to the sex chromosome mass formed by 8 extra X elements. 


31. Metaphase II showing X elements formed a single mass. 
5 and the other with 4 X elements though their separate identity not very distinct. 


and one m Clear in one side. 


32. Anaphase II, one half with 
Six autosomes 
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radically in the presence of one pair of 
m chromosomes, 9 X elements none being 
exceptionally large and the peculiar be- 
haviour of the X Complex. The materials 
collected from two widely separated pla- 
ces (a distance of 2,600 km) and studied 
by RAJASEKHARASETTY, (1963) and by us 
showed so marked cytological differences 
that they would invite attention of taxo- 
nomists first to check up if we were not 
really dealing with two incipient species, 
The piece of cytological informations 
might be more of taxonomic use as in- 
cipient species were raised to different 
species status after the cytological differ- 
ences were shown in the Heteropteran 
genera Thyanta and Banasa (WILSON, 1907; 
SCHRADER & HUGHES-SCHRADER, 1956, 
1958). If the identification of J. limbata 
collected from two widely different po- 
pulations was correct, we could then 
suggest the Jargest X of Trivandrum 
population underwent fragmentation giving 
rise to the relatively small original X 
(9th element in the present population 
which was endowed with the property of 
gene amplification for some functional 
reason, This function was manifested in 
the origin of 8 extra X elements possibly 
during very early cleavage divisions and 
their elimination at the end of spermato- 
genesis, Further, the origin of the m 
chromosomes could have also taken place 
from the Trivandrum population to the 
eastern populations in West Bengal detected 
by BANERJEE, (1958) and by us. Since 
each of the three populations appeared to 
be chromosomally monomorphic, a study 
of populations in the intermediate zones 
might reveal some interesting cvtological 
phenomena. That the populations in West 
Bengal underwent chromosomal evolution 
through polymorphism was supported by 
the findings of BANERJEE (1958) as he 
reported in his material the spermatogonial 
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number of 20 chromosomes including 6 
Xs, no Y and a pair of m, The popu- 
lation studied by us had three additional 
X elements making the total of 9 Xs, 
As the account published by BANERJEE 
(1958) lacked details and also he and 
RAJASEKHARASETTY (1963) did not study 
the chromosome constitution in females, 
we could not make a thorough comparison. 
But none-the-less the cytological studies 
of J. limbata still remained interesting for 
obvious reasons focussed before. Further 
studies would be carried out in order to 
detect the time of origin of the extra X 
elements and their elimination cycle, and 
the survey of other populations. 
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account of 21 
India and adjoining countries 
these species has been made. 
from the available material. 


A comprehensive 


(Key words: aphids, 
Poplar (Populus spp.) is one cf the import- 
ant ornamental avenue and forest irees in 
India. There are 4 species of Populus viz., 
P. alba Linn. (between altitudes c 1700m 
and c 2100im), P. ciliata Wall. (between al- 
titude c 1700 m and c 2200 m), P. euphratica 
Oliv. (altitudes upto c 4000 m) and P. nigra 
(between altitude c 1700 m and c 1900m) 
found in this region, Although the dif- 
ferent species of poplars are of common 
occurrence in north western part of the 
Himalayas, these can hardly be found 
in wild state in some parts of Sikkim and 
Darjeeling district of West Bengal under 
the north east Himalaya. 


Our knowledge on poplar infesting 
aphids in India and adjoining countries 
is rather scattered and incomplete. Habib 
& Ghani (1970) provided an account of 
14 species occurring in Pakistan and Af- 
ghanistan, Mani (1973) has given an account 
of 5 species of aphids producing galls on 
Poplar spp. and Ghosh (1974) listed 3 
Species of aphids infesting poplar trees. 
In addition, a number of scattered works 
reporting one or two species are available 
on the aphids inhabiting Populus spp. in 


so far known aphid species infesting Populus 
(Pakistan and Afahanistan) has been provided. 
Pemphigus mordvilkoi Cholodkovsky has been 


poplar plants, taxonomy, morphology. 


spp. in 
A key to 
redescribed 


India) 


this region. 

Considering the above information, 
the poplar plants are infested by 21 species 
of aphids of which 4 species belong to 
the subfamily Cha:tophorinae, ] species to 
Hormaphidinae, 14 species to Pemphiginae 
and the remaining 2 species are under the 
subfamily Pterocommatinae. All the mem- 
bers of Pemphiginae except Phlocomyzus 
passerinii (Signoret) have been found to 
produce galls on different parts of the 
host plant Six species under Pemphiginae 
have been excluded fiom the key be- 
cause of lack of either sufficient report or 
description of respective species. However, 
3 species viz, Pemphigus kashmiricus 
Rishi (1979), Pemphigus ignotus Habib 
and Ghani (1970) and Pemphigus venosus 
Habib and Ghani (1970) are reaily nomen 
nudum. Doraphis? populi (Maskell) (David 
et al., 1971: Rishi, 1979), Pemphigus spiro- 
thecae Passerini and Pemphigus vesicarius 
Passerini (Habib & Ghani, 1970) could not 
be incorporated in the key since neither 
the specimens of the above collections nor 
sufficient other informations of this species 
are presently at hand. 
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So, an attempt is made hereto pro- 
vide a rather comprehensive account of 
the aphids found on different poplar trees 
in India and adjoining countries covering 
Western Himalaya namely Pakistan and 
Afghanistan. Besides the account of species 
occurring on poplar, a key to the species 
has been provided for easy identilication 
of aphids. In addition, hitherto little 
known aphid species, Pemphigus mordvilkoi 
Cholodkovsky has been redescribed from 
the material collected from the area. 


SYSTEMATIC ACCOUNT 


1. Chaitophorus dorocola Matsumura, 1919, 
Trans. Sapporo Nat. Hist. Soc., 7:113. 
Higuchi, 1972, Ins. Matsumurana, 35:83 
Chakrabarti, 1977. Oriental Ins. 11:208. 


Materials examined ` 2 apterae and 2 
alatae, INDIA : WEST BENGAL, Darjeeling, 
Kalimpong, 2. ii. 1971 from? Populus sp. 
(coll. M. R. Ghosh). 


Remarks: This species has so far been 
collected once only from a plant possibly 
poplar from north easten part of India. 
This species is known to infest Populus 
maximowiczii and P. sieboldi in Japan 
(Higuchi, 1972). 


2. Chaitophorus indica Ghosh, M. R., 


Ghosh, A. K. and Raychaudhuri 1970, 
Oriental Ins. 4:196; Chakrabarti, 1977. 
Oriental Ins. 11:208. 

Materials examined: Many apterae, 


INDIA : WEST BENGAL, Darjeeling district, 
October to April 1969—1972 from Populus 
sp. (?) (Coll. M. R. Ghosh). 

Remarks: This species has so far 
been reported from north east Himalaya, 
Chakrabarti (1977) provided an account of 
material collected from Darjeeling, Kalim- 
pong, Tashiding, Durbin and Kamsi (West 
Bengal) This species is found in cluster 
on the under surface of both young and 
matured leaves. 
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3. Chaitophorus kapuri Hille Ris Lambers, 
1966. Tijdschr. Ent., 109:197; Kumar, 1973. 
Oriental Ins. 7:11; Chakrabarti, 1977. 
Orien al Ins. 11:210. 

Materials examined: 1 aptera (paratype) 
INDIA: HIMACHAL PRADESH, Manali 
25.vi.1955 from Populus sp. (coll. A. P. 
Kapur); ! alata, Himachal Pradesh, Sim!a, 
4.v.1972 from yellow pan water trap (coll. 
A. N. Choudhuri). 

Remarks: This species is found in clu- 

ster both on the upper and under surface 
of leaves. Ants were found to attend 
these aphids. This species is known from 
north west Himalaya including parts of 
Pakistan. 
4. Chaitophorus populeti (Panzer) Aphis 
populeti Panzer, 1805. Fauna Insectorum 
Germaniae initia oder Deutschlands Insectan, 
95:6, Chaitophorus populeti (Panzer). Sze- 
legiewicz, 1967. Fragmenta faunistica, 14:62; 
Verma; 1969. Sci. Cult, 35:28; Chakra- 
barti. 1977. Oriental Ins. 11:210. 

Materials examined: 2 apterae, INDIA: 
JAMMU and KASHMIR. Srinagar, 5. v. 1966 
from Populus alba (coll. K. D. Verma). 

Remarks; This species in India is 

known to infest Populus alba in Kashmir, 
Himalaya. 
5. Epipemphigus imaicus (Cholodkovsky) 
Pemphigus imaicus Cholodkovsky, 1912. 
Rev. Russ. Ent., 12:495 Epipemphigus im- 
aicus (Cholodkovsky); Hille Ris Lambers, 
1966. Tijdschr. Ent. 109:205; Chakrabarti, 
Ghosh, A. K. and Chowdhuri, 1970, Oriental 
Ins., 4:449. 

Materials examined; Many apterae, 
alatae and nymphs, INDIA: UTTAR PRA- 
DESH, Chaubattia, 29. v. 1969; Mussoorie, 
20.vi.1975; Gobindaghat, 13.vi.1978 from 
Populus sp. (coll. S. Chakrabarti); Mus- 
soorie, 21. vi. 1976, 19. x, 1976 (coll. S. P. 
Maity); Himachal Pradesh, Simla, 16. vi. 
1979 (coll. D. K. Bhattacharya). 
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Fig. 1 Leaf gall on Populus ciliata by Epipemphigus Fig. 2. Stem gall cn Populus ciliata by 
imaicus (Cholodkovsky) Pemphigus mordvilkoi Cholodkovsky. 


Fig. 3. Leaf base gall on Populus sp. by 
Pemphigus sp. 
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Remarks: This species is found on 
poplar galls from march to July in North 
West Himalaya. Recently, it has also been 
collected from Sikkim Himalaya infesting 
poplar (Dr. P. K. Mondal, personal com- 
munication). Hille Ris Lambers (1966) 
mentioned tha the alate viviparous female 
(emigrant) is devoid of wax plates on tho- 
rax. A series of specimens collected by 
the authors however shows wax plates 
spinally on metathoracic segment. Either 
only single aptera and many nymphs or 
many alatae (emigrants) and nymphs with 
waxy covering were noticed in one gall. 


6. Eriosoma (Schizoneura) lanuginosum (Ha- 
rtig) Schizoneura lanuginosum Hartig, 1939. 
In Germars’ Z. Entomol., 3: 359—376. 


Eriosoma (Schizoneura) lanuginosum (Har- 
tig. Eastop and Lambers, 1976. Survey of 
the World's Aphids, 192. 


Remarks: Ghulamullah (1942) des- 
cribed this species as Eriosoma  taskhiri. 
Mani (1973) mentioned the distribution. of 
taskhiri in India (Kashmir), Pakistan and 
Afghanistan. —Eastop & Hile Ris Lam- 
bers (1976) considered E taskhiri Gula- 
mullah as a synonym of Eriosoma (Schi- 
zoneura) lanuginosum (Hartig). The authors 


could not collect any material of this 
species. 
7. Pemphigus immunis Buckton, 1896. 


Indian Mus. Notes, 4: 51; Doncaster, 1969. 
Proc. R. ent. Soc. Lond. (B)., 38: 158; 
Hille Ris Lambers, 1973. Oriental Ins., 7:244. 


Remarks: Doncaster (1969) while re- 
describing this species listed its synonyms 
aad discussed the host relationship of this 
species. Hille Ris Lambers (1973) through 
transfer experiments conlirmed that Eupho- 
rbia helioscopia and E peplus are the 
secondary hosts of this aphid. The authors 
could not collect this aphid from any of 
these plants. 
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8. Pemphigus mordvilkoi Cholodkovsky, 
1912. Rev. Russ. Ent., 12:493. 


Materials examined: Many apterae, 
alatae and nymphs, INDIA: UTTAR PRA- 
DESH, Chaubattia, 29.v. 1969 from Populus 
sp. (coll. S. Chakrabarti); Mussoorie from 
Populus sp. 21. vi. 1976, 19. x. 1976 (coll. 
S. P. Maity). 


Remarks: Since the description of 
this species by Cholodkovsky (1912) no 
further information is available. Moreover, 
the description of this species is incom- 
plete in the light of recent trends in aphid 
taxonomy. Hence, this species is redescri- 
bed from its primary host plant. 


Morphological description : 

Fundatrix (Figs. 4—7): Body 2.38— 
2.86mm long with 1.56—2.48mm as maxi- 
mum width. Head pale brown to brown, 
dorsum with incomplete median suture, 
slightly rugose, bearing 8 pairs of short and 
fine hairs, longest Fair on vertex about 
0.38—0.53 times as long as the basal dia- 
meter of the antennal segment lll. An- 
tenna 4-segmented, pale about 0.16—0.18 
times as long as body, segements I and H 
scabrous, segments HI and IN with rows 
of spinules scattered through out the len- 
gth; processus terminalis about 0.14—0.23 
times the base af segment VI; hairs on 
flagellum very short with acute apices, 
longest one on segment III about 0.30—- 
0.38 times the basal diameter of the seg- 
ment. Rostrum reaching mid-coxae, ulti- 
mate rostral segment about 0.55—0.65 
times the second joint of hind tarsus. 
Thorax pale, with 6 wax plates arranged 
in 3 rows placed marginally, pleurally and 
spinally. Abdomen pale, tergites 1—7 with 
marginal, pleural and spinal and 8th tergites 
with spino-pleural wax plates, dorsal ab- 
dominal hairs short, longest one on ante- 
rior targites about 0.46—0.53 times the 
basal diameter of the antennal segment III 
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Figs. 4—7. 
5. antennal segments, 
tion of abdomen. 


and those on 7th and 8th tergites about 
0.64—0.70 times and 0.72—0.93 time the 
mentioned diameter, respectively. Siphun- 
culi absent. Cauda semioval with 6—7 
hairs. Legs brown, empodial hairs thick, 
short and about 4 length of the claw. First 
tarsal chaetotaxy 2, 2, 2. 


Measurements of one specimen in mm: 
Body length 2.68, width 2.04; antenna 
0.46; antenna! segments I: Il: III : IV: 
0.08 : 0.06 : 0.19 : (0.9--0.03), ultimate ros- 
tral segment 0.10; second joint of the 
hind tarsus 0.15. 


Pemphigus mordvilkoi Cholodkovsky, Fundatrix : 


6. ultimate rostral segments, 


4. head 
7. posterior por- 


Alate viviparous female (Emigrant) 
(Figs. 8— 11): Body about 2.23—2.48mm long 
with 0.92-1. 07 mm as maximum width. Head 
with 4 pairs of short hairs. Antennae 6-seg- 
mented,about 0.31—0.34 times the body: seg- 
ment HI with. 12—14, IV with 3—4, V and 
VI with. 3—5 secondary rhinaria distributed 
over the entire length of the segments; 
longest hair on segment III about 0.40— 0.60 
times the basal diameter of the  seg- 
ment. Ultimate rostral segment about 
0.44—0.47 times the second joint of hind 
tarsus. Thorax with marginal, pleural and 
spinal wax plates. Abdomen pale; dorsal 
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Pemphigus mordvilkoi Emigrant (Alata): 8. head, 9. 


10. ultimate rostral segment, 


hairs short with acute apices, longest one 
on anterior tergites about 0.66—1.0 times 
the basal diameter of segment IH, 8th 
tergite with 2 spino-pleural wax plates. 
Cauda semioval with 2 hairs. Fore wing 
with media simple; hind wing with 2 
obliques arising nearly from a point. Other 
characters as in fundatrix. 


Measurements of one specimen in mm: 
Body length 2.45, width 1.04; antenna 0.77; 
antennal segment IH : IV : V : VI :0.25 : 
0.10 : 0.11 (0.14 1- 0.03); ultimate rostral 
segment 0.08; second joint of hind tarsus 
0.17. 


9. Pemphigus nainitalensis Cholodkovsky, 
1912 Rev. Russ. Ent., 12:494. 
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antennal segments, 


11. posterior portion of abdomen. 


Remarks: From the name of the spe- 
cies it appears that this species was collected 
in Nainital (Uttar Pradesh) from poplars 
No further information on this species is 
available and hence the description of gall 
is included in the key. 


10. Pemphigus napaeus Buckton, 1896. 
Indian Mus. Notes, 4:51; Doncaster, 1969. 
Proc. R. ent, Soc. Lond. (B).. 38:160. 


Remarks; Buckton (1896) originally 
described this species and later Doncaster 
(1969) redescribed in full and discussed the 
relationship of this species. The authors 
could not examine any material of this 
species. 
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11. Pemphigus 
Lambers, 1973. 


siphunculatus Hille Ris 


Oriental Ins., 7: 245. 


Remarks: Hille Ris Lambers (1973) 
described the species forming galls on the 
twigs of Populus ciliata in Murree, Pakis- 
tan. This species could not be collected 
in the Indian parts of north west Himalaya. 


12. Pemphigus sp. 


Moterials examined; 2 apterae and 
nymphs, INDIA: UTTAR PRADESH, Ghan- 
garia, 10. vi. 1978 from Populus sp. (coll. 
S. Chakrabarti). 


Remarks: Cystolith shaped, reddish 
green leaf base gall of poplar found in 
some parts of Garhwal Himalaya. Each 
gall contained a fundatrix and some im- 
mature nymphs. The identification of the 
aphid material beyond the generic level is 
not possible at present. 


13. Pterocomma populifoliae (Fitch) Aphis 
populifoliae Fitch, 1851. Annu. Rep. N. Y. 
State Cab. Natur. Hist., 4: 66. 


Pterocomma populifoliae (Fitch), Sze- 
legiewicz. 1965. Ann. Zool. Agra., 23:295; 
MacGillivray, 1955. Can. Ent., 87: 336: 
Richards, 1967. Can. Ent., 99:1022; Ghosh, 
M. R., Ghosh, A. K. and Raychaudhuri, 
1970. Oriental Ins., 4:388; Chakrabarti, 
Chowdhuri and Raychaudhuri, 1974. Sci. 
Cult., 40 : 461, 


Materials examined: 3 apterae, | alata 
INDIA:KALIMPONG, 2. iv. 1969 from Populus 
sp. (coll. M. R. Ghosh); 1 alata (vagrant), 
Mashobra, Simla, 30. iv. 1972 (coll. A. N. 
Chowdhuri). 


Remarks: This species has been re- 
ported to infest Populus sp. in north east 
India. It has also been collected from 
North west India. Richards (1967) dealt 
with this species in detail and clearly men- 
tioned that the species usually infest 100ts 
of Populus sp. and occasionally infest the 
aerial portions of its hosts, 
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14. Pterocomma  populeum (Kaltenbach) 
Aphis populea Kaltenbach, 1843. Mon der 
Fam. Pflanz., 116. Pterocomma populeum 
(Kaltenbach); van der Goot, 1917. Rec. 
Indian Mus., 13: 175; Richards, 196/. Can. 
Ent., 99 : 1025. 


Remarks: Van der Goot (1917) re- 
ported this species from Kumaon Hima- 
laya. Further records of this species from 
India is not available. Richards (1967) 
dealt with this species in detail and the 
characters used in the key to the species 
have been taken from there. 


Species not included in the key: 
15. Doraphis? populi (Maskell) reported by 
David et al. (1971) and Rishi (1979) 
16. Pemphigus ignotus Habib and Ghani 
(1970) nom. nud. 
17. Pemphigus kashmiricus Rishi (1979) 
nom. nud. 


18. Pemphigus 'spirothecae Passerini re- 
ported by Habib and Ghani (1970). 

19. Pemphigus venosus Habib and Ghani 
(1970) nam. nud. 

20. Pemphigus vesicarius Passerini repor- 
ted by Habib and Ghani (1970) nom. nud. 


21. Phloeomyzus passerinii (Signoret re- 
ported by Habib and Ghani (1970). 


KEY TO THE SPECIES INFESTING POPL- 
ARS IN INDIA AND ADJOINING 


COUNTRIES 
I. Aphids form galls on aerial parts of 
plants e EE 2 
—Aphids never form galls...- 9 
2. Galls found on stem or twig. ...-.---- 3 
—Galls found on leaf..........-.......-................. 6 


3. Galis found on twigs and leaves, roundish 
or irregular, sessile, shining green, varie- 
gated with yellow or brown spots, distin- 
ctly veined; fundatrices with antennae, 
5-segmented; siphunculi absent; cauda with 
2 hairs; wax plates present on meso- and 
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metathorax and on abdominal segments, on 

abdominal segments 1—7 each with a pair 

of spinal, pleural and marginal wax plates 
- Pemphigus napaeus Buckton. 


—Galls never veined as above.------------------- 4 


4. 


Galls found on twig; apterae with anten- 
nae 6-segmented, sometimes 5 segmented; 
siphunculi dark, ring shaped, without rim; 
wax plates absent on thorax, present only 
on abdomen, abdominal segments I and 
IH without spinal wax plates, pleural wax 
plates absent on segments I and ll and 
marginal ones absent on segment VIL; 
alatae not known.. — 
Pemphigus siphunculitus Hille Ris Lambers. 


—Galls found on twig or stem; apterae with 


5. Galls found on stem (Fig. 


-—Sub-spherical, smooth, 


6. 


antennae 4-segmented; siphunculi absent; 
wax plates present on thorax .------------------ 5 


1) which are 
spherical, thick-walled, sessile, yellow or 
yellowish green, smooth, usually solitary, 
10—30 mm in diameter with large gall 
chamber; wax plates present on thorax and 
on abdomen in apterae; in alatae anten- 
nal segments III with 12—14, IV with 3—4, 
V and VI with 3—5 secondary rhinaria; 
ultimate rostral segment about 0.44—0.47 
times the second joint of hind tarsus; cauda 
With. — hairs: «e 

— Pemphigus mordvilkoi Cholodkoveky 


small, sessile, late- 
ral 1—2 per branch, 5—7mm in diameter, 
much smaller than Pemphigus mordvilkoi 
eem Pemphigus nainitalensis Cholodkovsky 


Galls with a stalk or some times with a 
neck-like structure at base, epiphyllous, 
ovoid, clavate, sometimes laterally com- 
pressed and lopsided with a short: nar- 
row neck, reddish brown, rugose and finely 
pubescent; aphids with wax plates present 
on head, thorax and on abdomen, com- 
posed of wax cells surrounding a central 
space, without any hair; siphunculi ring 
like ... 

Eriosoma (Schizoneura) lanuginosum (Hartig) 


:-Galls never with a stalk or neck-like struc- 


ture at base; aphids with wax gland cells 
around the central space, with or without 
hair; siphunculi mostly absent or preseut 
as indistinct ring... cerecneeeen 7 


10. First tarsal 


7. Galls (Fig. 3) found on the dorsal surface 


near leaf base, of somewhat cystolith shaped 
raddish green ................Pemphigus sp. 


—Galls never at leaf base dorsally ........... 8 


8. Galls (Fig. 2) elongately cylindrical, fleshy 


epiphyllous, reddish green in colour, us- 
ually along the midrib, with an elongated 
opening on the ventral side, either with 
single aptera and many nymphs in waxy 
powder or with numerous alatae and nym- 
phs in waxy covering in each gall; aphids 
without hair on wax p fundatrices 
without any wax plates... 

Ven Epipemphigus imaicus -tCholedkoyski) 


—Galls fusiform, woody, hard, dehiscent, 


often deeply furrowed; aphids with hair 

on wax plates, alatae with large primary 

rhinaria on antennal segment V -............ - 
— Pemphigus immunis Buckton 


9. Siphunculi cylindrical to distinctly swollen, 


always longer than width at base, non- 
reticulated; dorsal abdominal pigmentation 
usually restricted to last 3 or 4 segments 
in apterae; alatae with frontal and median 


tubercles, antennal segments III and IV 
with secondary rhinaria, cauda and sub- 
anal plate rounded e 10 
—Siphunculi truncate, hardly longer than 
width at base, reticulated at least near 
APICES, sisirin sensns See 11 


segments with 5,5, 5 hairs; 
siphunculi with distinct, dispersed imbri- 


cations in addition to usual apical striae; 


antennal segment III with 0—25 secondary 
rhinaria in apterae; in alatae segments UI 
with35— 50, IV with 0—7 secondary rhinaria 
inalatae ...... Pterocomma populifoliae (Fitch) 


— First tarsal segments with 5, 5, 4 hairs; sip- 


hunculi smooth in addition to usual apical 


striae, antennae without secondary rhinaria 
in apterae, antennal segments 111 and IV with 
0—1 secondary rhinaria 


in alatae .......... 
EE Pterocomma populeum (Kaltenbach) 


11. Dorsal body hairs in apterae mostly with 


furcated apices; tergum smooth; ultimate 
rostral segment 1.0—1.4 times as long as 
the second joint of hind tarsus and with 
6—10 hairs in apterae with pseudosen- 
soria-like structure on hind legs; ultimate 
rostral segment distinctly longer (more 
than 1.4 times) than the second joint of 
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hind tarsus; abdominal dorsum sparsely 
spinulose on sclerotic parts ---------------------- 
eee eee tn Chaitophorus populeti (Panzer) 


—Dorsal body hairs in apterae with blunt, 
fine or flagellate but never with furcated 
apices; alatae with normal hind legs; ulti- 
mate rostral segment as long as the second 
joint of hind tarsus -.------------------ 12 


12. First tarsal segments with 5 hairs; apterae 
with 4 pairs of secondary hairs on ulti- 
mate rostral segment; longest hair on 
antennal segment II[ about 1.8—2.0 times 
as long as the basal diameter of the seg- 
ment; alatae with fuscus wing veins; pro- 
cessus tarminalis about 3.0—3.70 times as 
long as the base of the segment VI, 
longest hair on segment [II about 1.70— 
2.80 times as long as the basal diameter 
of the segment, segment III with 10—12 
secondary rhinaria --- Chaitophorus 


indica Ghosh, Ghosh and Raychaudhuri 
—First tarsal segment with 6 hairs.............. 13 
13. Dorsum of abdomen in apterae pale; 


processus terminalis about 2.70 times as 
long as the base of segment VI. Ultimate 
rostral segment with 4 secondary hairs; 
alatae with wing veins never fuscus; anten- 
nal segments UI with 16—18, IV with 
1-4 secondary rhinaria, longest hair on 
antennal segment JII about 2.0 times as 
long as the basal diameter of the segment 
Chaitophorus dorocola Matsumura 


—Dorsum of abdomen in apterae dark ple- 
urally and pale medially, with some scat- 
tered spinules; processus terminalis about 
3.0 times as long as the base of segment 
VI; ultimate rostral segment with 2—4 
secondary hairs in apterae; alatae with 
wing veins slightly to distinctly fuscus; 
antennal segment III with 10—12 secon- 
dary rhinaria, longest hair on segment HI 
about 3.50 times as long as the basal dia- 
meter of the segment -----------------......------------- 
een Chaitophorus kapuri Mille Ris Lambers 
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Coefficient and multiple correlationships between body length, breadth and weight (wet) 


of two aphids viz., 


Cinara attrotibialis David 


and Rajasingh, and Eul/achnus thunbergii 


Wilson feeding on pine seedlings (Pinus Resiya Royle), were analysed These relationships 


were found to be statistically positive and highly significant 
that these body traits are positive 


which indicated 
discussed, 


(P < 0.01) in both aphids 
functions of each other, and were 


(Key words: Pinus kesiya, pine aphlds, Cinara attrotibialis, Eulachnus thunbergii. body 


length, breadth, wet weight) 


INTRODUCTION 


Biomass of insect consumers in any eco- 
system plays a significant role in its func- 
tion. Often it becomes difficult to obtain 
the biomass of smaller insects occupying 
the ecosystem, which can be estimated 
from the relationship between body len- 
gth and weight (HUXLEY, 1924. BERTHET, 
1967; KAUFMAN & BEYERS, 1972). More- 
over many ecological studies concerning 
the energy estimation and nutrient cycling 
can be assisted from these relationships 
(LEE et al., 1976). Information on length, 
breadth and weight relationships of insects 
especially aphids bred in natural conditions 
is very scanty. Thus attempt was made 
to correlate these body traits of natural 
populations of aphids viz,, Cinara attroti- 
bialis DAVID & RAJASINGH and Eulachnus 
thunbergii WILSON feeding on pine (Pinus 
kesiya ROYLE) seedlings. 


i Present address (reprint request): North East- 
erm Hill University, College of Agriculture, 
Medziphema - 797 106 Nagaland, India. 


MATERIALS AND METHODS 


Weekly samples of aphids were collected 
along with the pine seedlings during 1976—1977 
from one year old pine plantation growing at 
Raitkhan area near Mawlai, *hillong, North 
Eastern India. More than 3,000 individuals be- 
longing to different instars were measured for 
their length, breadth and wet weight with the 
help of an ocular micrometer and a single pan 
electrobalance accurate to 0.01mg respectively. 
Measurements were recorded within 24 hours of 
collection. For statistical analyses methods out- 
lined by Woorr (1968) were followed. 


RESULTS AND DISCUSSION 


In C. attrotibialis the body length 
ranged from 0.93 to 3.67mm, the breadth 
from 0.57 to 2.25mm and weight from 
0.05 to 5.7mg. In E. thunbergii, the range 
of the body length was 0.93 to 2.47 mm; 
breadth was 0.28 to 0.76 mm and weight 
was 0.28 to 0.7 mg. These data were sub- 
jected to linear regression. 


As indicated in Table 1, all the re- 
gressions were highly significant (0.01). 
It was seen that in C. attrotibialis, the 
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Coefficient correlation and regression equations of three metric 


traits of each of the two pine aphids. 


Coefficient Level of 


Regression 


correlation Significance 


TaBLE ]. 
I Metric 
Species traits equation 
1. Cinara Length & B’ - 0.56L—4.53 


attrotibialis Breadth L' = 1.60B + 18.15 LB +0.97 P « 0.01 
Length & WI = 0.041 — 0.709 

Weight L’ = 30.64W + 92.25 LW = +0.99 P < 0.01 
2  Eulachnus Length & L' — 1.4B — 59.39 

thunbergii Breadth B’ = 0.371.—2.14 LB = +0.73 P < 0.01 
Length & W! = 0.023L —2.24 

Weight L’ = 28.38W + 104.24 LW = +0.80 P < 0.01 


gege 


(L = Length; B — Breadth; and W - Weight. 


predicted length increased 1.6 units for 
every unit increase in breadth and the 
predicted breadth increased 0.56 units for 
every unit increase in length. Further more, 
in the length and weight relationship, the 
predicted weight increased 0.04 units for 
every unit increase in body length and the 
predicted length increased 30.64 units for 
every unit increase in weight. In E thun- 
bergii similar relationships were observed. 
The predicted length increased 1.4 units 
for every unit increase in breadth and 
the predicted breadth increased 0.37 unit 
for every unit increase in length. These 
relationships were highly significant and 
indicated that the body length, breadth 
and weight were positive function to each 
other. Mc:eover, the multiple correlation 
coefficient values obtained for these body 
traits of C. attrotibialis and E thunbergii 
were 0.9764 and 0.7976 respectively which 
were also statistically significant. BILAPATE 
et al. (1978) reported the mean values of 
multiple correlation coefficient in male and 
female pupae of Heliothis armigera to be 
0.696 and 0.789 respectively. Since all the 


L’, B’ and W’ represent the predicted values) 


regression equations are statistically highly 
significant the prediction made above 
may be reliable. Hence the biomass (wet) 
of these two aphids could be predicted 
directly from the body length and breadth 
measurements alone. 


PRZIBRAM & MEGUSOR (1912) re- 
ported that the weight of an insect was 
doubled during each instar and at each 
moult all linear dimensions were increased 
by a ratio of 1.26. This may safely be 
applied for the increase in weight of the 
insect larvae in successive stages (MOHAN 
RAO & TONAPI, 1970). During the pre- 
sent investigation as no attempt was made 
to trace out the length and weight limits 
of different instars of these aphids, it 1s 
hardly possible to comment on Przibram's 
rule. However, the weight increase for 
every unit increase in body length was 
evident from the Table 1 in both the 
cases of these two aphids. These values 
may not be equivalent to those suggested 
by PRZIBRAM. However, HARRIES & 
HENDERSON (1938) reported that the 
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variation shown in the value of the pro- 
gression factor for the growth of insect is 
too great to provide any support for the 
Przibram's theory that the constant has 
the same value (1.26) for different species. 
(BILAPATE ef al., 1978). 
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The aerodynamic parameters of the tawny coster, Te/chinia violae (Fabricius) are determined 


to study the flight charecteristics and power requirements. 


between wing loading and aspect ratio, 
mined for understanding of wing motion, 
sents more cr less a flat surface, 
dynamics of this butterfly are shown. 


(Key words: aerodynamic parameters, tawny 
sinking speed, efficiency) 


INTRODUCTION 


The flight mechanism of insects differs 
from those of birds and bats anatomically, 
and physiologically. The flight dynamics 
of birds, bats and some of the insects have 
been studied among others by PENNYCUICK 
(1975), VAUGHAN (1970), VOGEL (1967 a, 
bj WEIS-FOGH (1973). An account of 
the mechanism of animal flight is also 
considered by LEYTON (1975) and more 
recently by ALEXANDER (1977). The but- 
terílies and some other insects have improv- 
ed performance of the wings in flapping 
flight; the mechanism deviates from that 
of conventional aerodynamics (WEIS- 
FOGH, 1973) In the present paper, a 
systematic study of the aerodynamic para- 
meters and flight characteristics of the 
tawny coster, Telchinia violue (FABRICIUS) 
has been undertaken aad the powers needed 
in some cases are calculated. 


Monet of ineitia of 


No correla ion is found to exist 
the wing hes been deter- 


Calculation shows that the butterfly wing repre- 
Various particular cases in connection with the flight 


coster (Te/chinia violae), 


power, descent or 


MATERIAL AND METHODS 


The tawny coster, Telchinia vio/ae (FABRICIUS) 
is one of the most common butterflies at Santi- 
niketan, West Bengal, India and is frequently 
observed during March to middle of May. It 
has two pairs of wings coupled together during 
flight. Cell and disc of both wings are with 
black spots (VVYNTER-BLYTH, 1957). 


The body mass and the mass of the fore- and 
hindwings of each specimen were determined with 
the help of an electronic balance. The wing area 
was traced on a paper and measured by using 
a planimeter. The flight duration was recorded 
in an open place with a stop watch and subse- 
quently, the speed was calculated. Reynold’s 
number was calculated. fic m the formula Re 

u pl, / 74, whereu is the velocity of flier, p 
is the density of air, q is the coefficient of vis- 
cosity of air and le is tlie chord which is taken 
here as ith of the forewing length (“head + 
thorax). Ihe observed minimum and maximum 
values of wing beat frequency were 15 and 20 
Hz respectively. 


312 SASADHAR DE 


The circumference at the widest point of the 
body was determined to measure the diameter. 
The aerodynamic parameters namely, length of 
the wing span (tip to tip of the wings), fore- and 
hindwing lengths, breadths, areas, wing loading 
(g/cm?), aspect ratio were determined. The power 
required in some cases are calculated. 


The kinetic energy of wing movement is 
shown by strip analysis. The wings were divi- 
ded into four strips of equal length and each 
Strip mass was measured with an electronic 
balance. Total moment of inertia about the 
axis passing through the body can be calculated 
by adding the moment of inertia of each strip. 
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OBSERVATIONS AND RESULTS 


Table ] shows the basic aerodynamic 
parameters of fifteen ` butterflies (the 
tawny Coster) under investigation, The 
heavy butterflies have greater forewing 
loadings whereas their hindwing loadings 
are not so high in comparison with the 
lighter ones, The average wing loading, 
in general is found to be greater for 
heavier butterflies. This loading is also 
higher as compared to other insects which 
suggests the relative aerodynamic inetlici- 
ency of this flier, 


TABLE 1. Basic flight parameters of the tawny coster (n = 15). 


Parameters 


Range Mean + SD 
1. Body mass (g) 0.044 —0.096 0.061 + 0.016 
2. Forewing length (cm) 2.4 —2.8 2.50 0.108 
3. Hindwing length (cm) 16 —18 1.73 = 0.075 
4. Wing span (cm) 4.9 —5.8 5.41 Æ 0.24 
5. Forewing and hindwing breadth (cm) 1.15 —1.3 1.220 + 0.046 
6. Wing area (two forewings) cm? 3.4 —4.88 3.916 + 0.424 
7. Wing area (two hindwings) cm? 2.6 —3.6 3.036 4- 0.312 
8. Foreving length/forewing breadth 2.077—2.167 2.120 + 0.038 
9. Hindwing length /hindwing breadth 1.333—1.50 1.42 + 0.044 
10. Average aspect ratio 1.708 —1.834 1.77 + 0.041 
11. Forewing loading (g'em?x 107) 0.737— 0.943 0.860 + 0.061 
12. Hindwing loading (g/cm? x 10?) 0.719—1.107 0.827 + 0.110 
13. Mass cf two forewings (g X 10 8) 2.8 —48 3.477 + 0.610 
14. Mass of two hindwings (g x 1077) 20 —32 2.6 23-0.422 
15. Body mass/ (wing span)? (g'cm? x 107°) 1.67 —2.85 2.056 + 0.39 
16. Body mass/ (two forewing length)? 
(g/cm? x 107?) 1.849—3.174 2.255 + 0.429 
17. Body mass/ (two hindwing length)? 
(g/cm? x 107?) 4.)66— 7.035 5.039 4- 0.980 


—————————————————————————————————————————————————————————— 


AERODYNAMIC PARAMETERS 


If m = mass of the body and m; 
m, are respectively the mass of the fore- 
and hindwings, it will be seen that 2 m,/m 
is the lowest for the hiehest body mass and 
highest for the lowest body mass, Again, 
it is observed that m 2 (m; 4- m) varies 
from 7.1 to 12.42, m 2 m. from 13.75 to 
20.87 and m/2m, (rom 14.7 to 32.08. The 
butterflies have long wings and beat at 
low frequency. Since the wing beat fre- 
quency of the butterflies is observed to be 
below 100 Hz, they belong to the cate- 
gory of neurogenic fliers, 


The aspect ratio is defined as the 
ratio of the wing length to wing breadth 
(NEVILLE, 1965). 1n bats and birds a good 
correlation exists between the aspect ratio 
and wing loading but here, in fact, no 
correlation seems to exist. Calculation 
shows that the values of mass/(wing span)? 
are also variable (0.00167-0.00285). 


Moment of inertia 


The variation of moments of inertia 
with strip number for two body masses 
are shown in Fig. |. The nature of the 
curves shows that the butterfly wing re- 
presents more or less a flat surface (plate). 
"he total moments of inertia of the fore- 
and hindwings are respectively 2.19 x 10~ g 
cm? to 4.70 x 10-? g cm: and 0.72 x 10? 
to 2.46 x 107? g cm". The effective mo- 
ment of inertia (combined mass x distance") 
changes from 3.75 x 10 to 7.84 x 1%- g 
cm. 

The moment of inertia I, is important 
to calculate the inertial power which is 
a function of I and depends on other 
factors such as frequency n, maximum 
angle of swing of the wing across the 
joint. The mass of air in the boundary 
layer which has to be accelerated with 
the wings should also be considered. This 
will influence the moment of inertia of 
the wings (VOGEL, 1962), 
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strip number and moment of inertia (M. I,), f 
for forewing, h for hindwing (1. Body mass = 
0.096 g, forewing: length -2.75 cm, mass 0.0023 
g; hindwing: length — 1.85 cm, mass = 0.0016 g. 
2. Body mass -0.048 g, forewing: length 2,5cm, 
mass -0.0016g; hindwing: length 1.7cm, mass = 
0.0011 g). 


Other related observations 


Difference in wing length of the fore- 
and hindwings lies between (.8 and 1.0 cm. 
A typical aerodynamic characteristics of 
the tawny coster is that the maximum 
breadths of forewings and hindwings are 
found to be exactly the same and the 
average values of Idi œ 1.5 (1; = fore- 
wing length, 1, = hindwing length). 


The average value of diameter (of 
the body)/wing span of the tawny coster 
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is 0.09, a fairly typical value for this 
kind of butterfly. This is calculated for 
other butterflies also. Thus this value for 
the mottled emigrant, Catopsila pyrantha 
(LINNAEUS) is 0.08; for the plain tiger, 
Danais chrysippus (LINNAEUs) is 0.07; for 
the lime butterfly, Papilio demoleus (LIN- 
NAEUS) is 0.06. 


The velocity of free horizontal flight 
(u) as observed in nature is variable from 
1.74 m/s to 3.15 m/s, From the consi- 
deration of these speeds, it is found that 
the wings of this butterfly work at Rev- 
nolds' number ranging from about 6x 10: 
to 112 x 10'. In the case of the plain 
tiger, Danais chrysippus (LINNAEUS) u is 
found to be in the range of 2.077 m/s 
to 3.24 m/s and the value of R, varies 
from 11.7 x 10: to 18.2 x I0*, The range 
of R, in the case of mottled emigrants 
Catopsila pyrantha (LINNAEUS) is found to 
be 14.66 x 10* to 24.96 x 104. It is an 
important aerodynamic parameter since it 
is functionally reluted to the lift and drag. 
The minimum speed depends on the wing 
loading, mg/S,, where g is the accelera- 
tion due to gravity (— 9.81 ms-?) and 
S, is the wing area, Hindwing increases 
the wing loading and thereby can incre- 
ase the forward speed. 


Lift Coefficient 

The lift coefficient, Ci, can be calcu- 
lated from the formula (ALEXANDER, 1977) 
and the average value of C, is found to 
be 2.01. C, for the plain tiger, Danais 
chrysippus (LINNAEUS) is also calculated 
and is found to be 1.98. These values 
tally wih WEIS FOGH (1973). 


Aerodynamic Power Requirement 


The power P, required to overcome 
drag on the two wings is given by ALEX- 
ANDER (1977) and taking Cp = 0.4, the 
average value of P,/m is 2.11 W kg 
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The average power, P, needed for 
hovering as determined after ALEXANDER 
(1971) is P/m = 3.3 VV kg-!, This value 
is slightly lower than that of the plain 
tiger, Danais chrysippus (LINNAEUS). (The 
calculated value of Pj/m for the plain 
tiger is found to be 3.5 W kg-!). 


As m increases, P, increases faster 
than the power available. P,,;, required 
to maintain a body of mass m station- 
ary in air is given by LEYTON (1975). 

1/2 

Poi = (nr g'/2ap) D 

a — area swept out by the wings. 

Therefore, P,,;,/m o HE : 
(Hovering insects beat each wing through 
about 1.00), 


If, however, m is too larse, it i& 
impossible for an animal to fly The 
maximum weight for forward flight is 
higher than the maximum weight for 
hovering. 


DISCUSSION 


The aerodynamic parameters of the 
tawny Coster give In D bu, I> 2b, where 
ly, by, Ir and b; are respectively the hinds 
wing length, hindwing breadth, forewing 
length and forewing breadth. The insects 
with longer and narrower wings give better 
performance of flight than those that have 
shorter and broader wings. 


The total surface area of the wings 
determines the load which a butterfly can 
lift under given conditions. It has been 
observed that if an extra load, }th of the 
body weight is added to the forewings of 
the tawny coster, it is unable to fly. With 
the addition of further load, its tendency 
is to leap. Even if the total surface area 
is the same for two butterflies, the one 
with the higher aspect ratio can fly faster 
than the other 
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The performance of a butterfly de- 
pends on: (a) maximum lift coefficient, 
which will determine the landing speed for 
a butterfly of given wing loading; high 
maximum C; will give a low lan ing speed 
(b) maximum lift (L;'—drag (D) ratio, 
which gives the general efficiency of a 
butterfly, for carrying a large weight for 
a small thrust. The high values of L,'D 
will enable the butterfly to glide far. 


Large butterflies have high wing load- 
ing, the minimum gliding speeds for them 
are higher than for small ones and that 
they can glide faster, for similar sinking 
speeds The minimum gliding gradient is 
lower for them. For small values of the 
glide angle, the expression for the rate of 
descent or sinking speed u, is given by 
LEYTON (1975). 


When a tawny coster decends slowly, 
its wings remain flat and do not beat; the 
nature of descent follows a slanting path. 
When it flies from one flower to another, 
its wings may beat but the frequency is 
less. If it descends along a straight path 
from high altitude, its wings flap. They 
can change their wing areas with the help 
of hindwings which can increase the effi- 
ciency of flying. If the combined area is 
reduced, wing loading increases and there- 
by forward speed is increased for any 
given sinking speed and there is an opti- 
mum wing area of the adjusted (combined) 
wings for any given forward speed. They 
lose height less rapidly when gliding fast 
if the wing area is reduced i. e., hindwing 
is exactly below the forewing. 


If the two hindwings are cut off at 
the fulcrum, it cannot go high up and 
moves almost parallel to the ground; it 
is then unable to fly at a stretch and 
after a few seconds it comes to the ground, 
The hindwing can increase the loading as 
well as the area. 
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If t/4th of the total lengths of the 
forewings are cut at the ends and is allo 
wed to fly, it tends to go upwards where- 
as if these are folded at I'th of the 
lengths (wing arca decreases and mass 
loading inercases), the tendency of this 
butterfly is to move gradually upwards to 
a certain height in a slanting way. The 
nature of flight is observed to be different 
in the two cases At the normal resting 
stage, the two wings cannot be disting- 
uished. At the flying stage, the effective 
breadth of the wing is controlled by hind- 
wing. 


Acknowledgements:—The first author is indebted 
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The paper reports 59 species under 


49 genera of aphids from Nagaland, of which one 


species is new to science, 57 are new records for the state and one is a new record for 


India. 


(Key words: 


More vigorous investigation on aphids in 
India has been started since 1950°s. But 
with respect to the present urea of survey 
the first report on the aphid fauna of 
the area was made by Ghosh et al. (1971). 
Following that a few reports, viz., Ray- 
chaudhuri et al. (1977), Raha et al. (1977) 
appeared. As a result, 42 species distri- 
buted over 28 genera were known to occur 
in Nagaland. This paper further repoits 
59 species including one identified up:o 
genus level under 49 genera distributed 


aphids-new species and new records) 


over 6 subfamilies. Of these one horma- 
phidine species is new to science, 57 are 
new records for the state and 1 is a new 
record for India. The paper also includes 
the description of new species Neotubera- 
phis indica and that of Nipponaphis sp. 
New record of aphid species from India 
has been denoted by * mark. 

All the material are in the collection 
of the Aphid Research Unit, Entomology 
Laboratory, Department of Zoology, Uni- 
versity of Calcutta. 


A list of newly recorded aphid species together with their host plants is 


given below: 
Aphid species 


Subfamily : Aphidinae 
Tribe : Aphidini 
1. Aphis ruborum longisetosus Basu 
2. Hyalopterous pruni (Geoffroy) 
3. Rhopalosiphum nymphaeae (Linnaeus) 
4. Rhopalosiphum rufiabdominalis (Sasaki) 


5. Toxoptera citricidus (Kirkaldy) 
6. Toxoptera odinae (van der Goot) 


Host plant 


Rubus ellipticus 
Prunus cerasus 
Monochoria hastaefolia 
Dicnthus sp. 

Malva rotundifolia 
Citrus sp. 

Cassia siasmen 
Mangifera indica 
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Aphid species 


Tribe : Macrosiphini 
7. Amphorophora ampullata bengalensis 

Hille Ris Lambers and Basu 
8. Aulacorthum nipponicum (Essig E Kuwana) 
9. Brevicoryne brassicae (Linnaeus) 
10. Capitophorus formosartemisiae (Takahashi) 


1]. Cryptomyzus taoi Hille Ris Lambers 
12. Cryptosiphum artemesiae Buckton 

13. Dactynotus sonchi (Linnaeus) 

14. Diphorodon cannabis (Passerini) 

15. Indomegoura indica (van der Goot) 

16. Macrosiphoniella pseudoartemesiae Shinji 
17. Macrosiphum rosae (Linnaeus) 

18. Micromyzus kalinipongensis Basu 

19. Miyzus siegesbeckieola Strand 

20. Pentalonia nigronervosa Coquerel 


21. Rhodobium porosum (Sanderson) 

22. Rhopalosiphontnus latysiphon (Davidson) 
23. Sappaphis pyri (Boyer de Fonscolombe) 
24. Semiaphis heraclei (Takahashi) 

25. Sinomegoura citricola (van der Goot) 
26. Subovatomyzus leucosceptri Basu 


27. Vesiculaphis kalimpongensis Ghosh, Basu 
and Raychaudhuri 
Subfamily : Callipterinae 
28. Clethrobius dryobius Chakrabarti and 
Raychaudhuri 
29. Neobetulaphis pusilla Basu 
30. Tinocallis himalayensis Ghosh, Ghosh 
and Raychaudhuri 
31. Tuberculaius nervatus Chakrabarti 
and Raychaudhuri 
Subfamily : Greenideinae 
Tribe : Cervaphidmi 
32. Cervaphis rappardi indica Basu 
33. Schoutedenia lutea (van der Goot) 
Tribe : Greenideini 
34. Eutrichosiphum pasaniae pseudopasaniae 
Szelegiewicz 


Host plant 


Fern 

Tethonia tageteiodes 
Brassica sp. 
Artemesia nepalensis 
Artemesia vulgaris 
Chrysanthemum indicum 
Artemesia sp. 
Artemesia vulgaris 
Sonchus sp. 

Cannabis sativa 
Unidentified 
Artemesia sp. 

Rosa sp. 

Curcuma longa 
Prunus cerasus 
Colocasia sp. 

Musa sp. 

Rosa indica 
Unidentified 

Pyrus malus 
Unidentified 

Smilax sp. 
Colebrookia oppositifolia 
Leucosceptrum cannum 


Artemsia sp. 
Prunus cerasus 
Betula sp. 
Unidentified 
Quercus sp. 


Cajanus cajan 
Phyllanthus reticulatus 


Quercus sp. 
Schima wallichi 
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Aphids species 


35. Eutrichosiphum pyri Chakrabarti, Ghosh 
and Raychaudhuri 
36. Eutrichosiphum taoi Ghosh, Basu 
and Raychaudhuri 
37. Eutrichosiphum | ( Neoparatrichosiphum ) 
flavum (Takahashi) 
38. Eutrichosiphum | (Neoparati ichosiphum ) 
raychaudhurii (Ghosh) 
39, Greenidea ficicola Takahashi 


40. Greenidea longirostris Basu 

4l. Greenidae (Trichosiphum) anonae (Perdange) 

42. Holotrichosiphum russellue Ghosh, Ghosh 

and Ravchaudhuri 

43. Mollitrichosiphum ( Metatrichosiphon) alri 
Ghosh, Ghosh and Raychaudhuri 

44. Mollitrichosiphum (Metatrichosiphon) nandii Basu 

Subfamily : Hormaphidinae 

45. Cerataphis variabilis Hille Ris Lambers 

46. Ceratoglyphina bumbus.e bengalensis Ghosh 

47. Ceratovacuna lenigera Zehntner 


48. Neotuberaphis indica, sp. nov. 
49. Kurisakia indica Basu 
50. Nipponaphis sp. 
51. Paraoregma alexanderi (Takahashi) 
52. Pseudoastegopteryx himalayensis Ghosh, 
Pal and Raychaudhuri 
53. Pseudoregma bucktoni Ghosh, Pal 
and Raychaudhuri 
Subfamily : Lachninae 
54. Cinara atrotibialis David and Rajasineh 
55. Lachnus tropicalis (van der Goot) 
56. Nippolacunus piri Matsumura 
Subfamiiy : Pemphiginae 
57. Geoica lucifaga (Zehntner) 
58. Tetruneura basui Hille Ris Lambers 


59. Tetraneura radicicola|yezoensis group 


Host plant 


Unidentified 
Quercus sp. 
Quercus sp 


Alnus nepalensis 
Ficus sp. 

Ipomoea sp. 

Schima wallichi 
Symplocos thisefolia 


Quercus sp. 


Alnus nepalensis 
Clerodendron serratum 


Areca catechu 
Bambusa sp. 

Bambusa arundinaceae 
Saccharum officinarum 
Eugenia sp. 

Litsea polyantha 
Litsea polyantha 
Bambusa sp. 


Bambusa arunadinaceae 
Bambusa sp. 


Pinus sp. 
Quercus sp. 


Prunus communis 


Oryza sativa 

Eleusine corocana 
Eraerostis amabilis 
Uuidentified grass 
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1. Neotuberaphis indica, sp. nov. 


Apterous viviparous female: Body oval 
brown, about 1.30 — 1.50 mm long, with 
a row of indistinct round to oval wax- 
plates along the margin excepting the head. 
Head (Fig 1A) brown, fused with protho- 
rax, 2-tubercles on dorsum of head, each 
bearing a stout spine-like hair; dorsal 
cephalic hairs short and with acuminate 
apices, longest of these about 0.60- 0.70 x 
b. d. HI. Antennae (Fig. 1B) 5-segmented, 
brown, about 0.32—0.35 x body; segment 
1 broader than long, segment ll longer 
than segment I and each with 2 long hairs; 
flagellum brown, with spinular imbrications; 
flagellar hairs short and with acuminate api- 
ces, sparsely distributed, longest hair on seg- 
ment IH about 0.50—0.70 xb. d. HI; p. t. 
about 0.28—0.33 x base of last segment; 
secondary rhinaria absent; primary rhinaria 
ciliated, Eyes 3-faceted. Rostrum reaches 
just beyond midcoxae; u. r. s. (Fig. IC) 
short and blunt, about 0,66— 0.72 x h. t. 2and 
without secondary hair Midthoracic furca 
with separate arms. Abdomen pale brown 
with segments |—6 fused and segmeats 7 
and 8 distinct: indistinct wax-pores on all 
abdominal segments excepting on segment 
8; dorsal hairs similar to cephalic hurs, 
long st hair on te.gites 1, 7 and 8 about 
0.55— 0.70 x 0.60—0.75 x and 0.60 —0.75 x 
b. d. HI respectively. Siphunculi poriform; 
cauda transversely oval and bears 2 long 
and stout hairs, Legs brown, short covered 
with a few long and siout hairs; femora 
and tibiae smovth, trochanter completely 
fused wiih femora; second segment of 
tarsi with faint imbrications and with long 
dorsoapical hairs having funnel shaped 
apices; empodial hairs longer than the 
claw and with knobbed apices; F. T. C. 
4,4,2 or 4,4,4. 


Alate viviparous female: Body about 
1.35—1.47 mm long and about v.67—0.79 
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mm as its maximum width. Head dark 
brown, with a distinct median suture and 
reduced tubercles on dorsum: dorsal cepha- 
lic hairs short and with acuminate apices, 
about 0.41 — 0.54 x b. d. IH. Antennae 
(Fig. 2A) 5-segmented, about 0.50—0.55 x 
body; flagellum with distinct spinular im- 
brications; subannular secondarv rhinaria 
over entire flagellum; flagellar hairs spa- 
rse, short aud with acuminate apices, 
longest one on segment III about 0.41— 
0.45 x b.d. III. Ultimate rostral segment 
about 0 68—0.73 x h. t, 2 and without 
secondary hair. Abdomen pale brown; 
dorsal hairs short and with acuminate 
apices, longest one on segments ], 7 and 
8 about 0.40 — 0.50 x 0.40 — 0.58 and 
0.42—0.50 x b. d. III. Siphunculi potiform. 
Cauda transversely oval and bears 2 stout 
Media of forewing once-branched 
oblique 


hairs, 
(Fig. 2B) and hindwing with 2 
veins (Fig. 2c). Veins dark. 


Measurements of one aptera ' holotype) 
in mm: Length of body 1.47, width 1.02; 
antenna 0,49, segments IIT: IV:V 0.18 :0.07: 
10.09-—0,.03» ; u. r. s, 0.06; h. t. 2 0,09, 

Measurements of one alata in 
Length of body 1.47, width 1.02; antenna 
0.49, segments II INN 0.34:0.12: (0 154- 
0.03), u.r. s. 0.05; h. t. 2 0.08. 


mmn: 


Holotype: Apterous viviparous 9, 
INDIA : NAGALAND : Ghaspani, 13, v 1978 
from Fugenis sp , Coll. S. RAHA, Paratypes: 
many apterous viviparous QQ, alate vivi- 
parous 99 and nymphs, collection data 
same as for holotype. 


Note: The specimens, in life, look 
dark brown and were collected from the 
leaves causing peculiar marginal folds into 
which they live with white waxy covering. 
The infestation on the host was heavy, 

Remark: This species belongs to the 
genus Neotuberaphis (Ms. name) erected by 
Pal and Raychaudhuri from material 
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Fig. 1. Neotuberaphis indica, sp. nov. : Apterous viviparous female. 
A. Dorsum of head B. Antenna C. Ultimate rostral segment. 


Fig. 2. Neotuberaphis indica, sp. nov. : Alate viviparous female. 
A. Antenna B. Fore-wing C. Hindwing. 
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Nipponaphis sp. Apterous viviparous female. 


collected in North-East India. This genus 
in having the spiny hair bearing tubercles 
on the head and one row of wax-plates on 
the margin of abdomen in apterous vivi- 
parous females comes close to Tuberaphis 
Takahashi (1933), but differs’ from the 
latter by the presence of cribriform wax- 
pores all over the bedy including the head 
and the absence of rugosity on the ab- 
dominal dorsum of the same morph. 


A new species is now described under 
the genus and with this new species the 
genus Nevtuberaphis (Ms. name) Pal and 
Raychadhuri is now known to contain 2 
species, viz, bengalensis Ms. name Pal 
and Raychaudhuri) and indica from India 

The key below would help to differ- 
entiate this new species from bengalensis 
(Ms. name; Pal and Raychaudhuri. 

2  Nipponaphis sp. 
Fig 3) 
1.23— 1.53 


Apterous viviparous female: 
Body semioval, brown, about 
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mm long. Antennae short, slender, 4-seg- 
mented, distance between antennal joints 
of head nearly as long as the antenna. 
Rostrum with segments 4 and 5 distinct; 
u.r. s. about 1,50— 1.62 x h. t. 2. Prosoma 
defined from fused part of abdomen (2—7), 
densely covered with circular —pastules, 
some of such pastules on margin sharply 
pointed at tip; dorsal hairs on prosoma 
long and fine usually 2.70 —3.0 times as 
long as the basal diameter of antennal 
segment III. Dorsum of fused abdominal 
segments (2—7) covered with circular 
pastules; segments (2—7) with 6 pairs of 
long and stout submarginal hairs, segment 
8 with long hairs. Siphunculi pore-like 
but easily discernable. Cauda dark, with 
about 6—7 hairs  Subanal plate bilobed. 
Legs short, pale; tarsi two segmented with 
claws; a pair of dorsoapical hairs on 
second tarsal segments with swollen or 
funnel shaped apices, F. T. C. 3, 3, 2. 


Measurements of one aptera in mm: 
Length of body 1.23, width 1 08; antenna 
0.28, segments IIIIIIVN 0.03:0.03:0 14° 
0.08; u.r. s. 009; h. t. 2 0.10; siphuncular 
pore 0 02; length of cauda 0,03; width 0.0.. 


Collection data: Many apterous vivi- 
parous 99, and nymphs. INDIA : NAGA- 
LAND: Ghaspani, 6. xi. 1977, from Litsea 
polvantha, coll. S. RAHA. 


Note: Brown apterae and 
were found aiong the stem, 


nymphs 


Remark: Ghosh and Raychaudhuri 
(1973) mentioned that presence of postero- 
mesial setas 7th abdominal tergite as one 
of the characters of the genus Nipponaphis, 
The present material lacks posteromesial 
setae on 7th abdominal tergite but otherwise 
it is a member of the genus Nipponaphis. 
So it is tentatively included in Nipponaphis 
and no species status has been given to 
it for the present, 
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KEY TO THE SPECIES 
Apterous viviparous female: 
Dorsal body hairs long, longest hair on seg- 
ments 1,7 and o about 1.35— 1,45X , 2.00—2.10 
X and 1.90—2.40»x b.d,ill respectively; u.r s. 
about 0.85—0.95 x h. t. 2 and bears 2 long 
secondary hairs 


bengalensis (Ms. name) Pal and Raychaudhuri 


Dorsal body hairs short, longest hair on seg- 
ments, 7 and 8 about 0..5—0.70 x, 0. 0— 
0.7- X and 0.60—0.75 X b.d. III respectively; 
u. r. s. about 0.66—0.72 X h. t. 2 and without 
secondary hair...+......+.......éndica, sp. nov. 


Acknowledgenient: —The authors are thankful to 
the University Grants Commission, New Delhi 
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the aphids of Manipur and Nagaland. 


REFERENCES 
GHOSH, A. K., H. BANERJEE & D. N. RAYCHAU- 


323 


DHURI (1971) Aphid species collected from 
Manipur and Nagaland. Garesna, 3 (4 ; €0-61 


Guosu, A. K. & D. N. RAYCHAUDHURI (1973) 
Studies on the aphids (Homoptera : Aphididae) 
from Eastern India. XV. A study of Nippon- 
aphis Pergande and related genera with des- 
cription of a new genus and eight new 
species from eastern India. Konu, 41 (2) 
148—165 and 41 (4), 477—496. 


Rana, S. K., T. K. SINGH, D. RAYCHAUDHURI El 
D. N. RAYCHAUDHURI (1977) New records of 
aphids (Homoptera : Aphididae) from Mani- 
pur and Nagaland. Sci. Cult., 43, 452--453. 


RAYCHAUDHURI, D. N., S. K. Rana & D. Ray 
CHAUDHURI (1977) Three new species of aphids 
(Homoptera : Aphididae) from Manipur and 
Nagaland. Entomon, 2 (1), 71—75. 


TARAHASHI, R. (1933) Three interesting aphids 
from the Far-east. Stylops, 2 (2), 27—30. 


Entomon, 1981, Vol. 6, No. 4, pp. 325 to 327 


NEW RECORDS OF 


TETRANYCHOID MITES OF 


ORNAMENTAL AND MEDICINAL PLANTS AND 
THEIR HOSTS FROM THE PUNJAB STATE 


G. L. SADANA, 


S. C. CHHABRA & NEELAM KUMARI 


Department of Zoology, Punjab Agricultural University, Ludhiana, India 


( Received 29 November 1980) 


Fifteen species of Tetranychoid mites of ornaments! and medicinal plants are reported from 


the Punjab State on new hosts. 


Bakerina aculus Chaudhri and Tenuipalpus pernicis Chau- 


dhri, Akbar and Rasool are recorded for the first time from India and Punjab respectively. 
Brevipalpus rugulosus Chaudhri, Akbar and Rasool B. karachiensis Chaudhri, Akbar and Rasool, 
Tenuipalpus punicae Pritchard and Baker and Schizotetranychus undulatus (Beer and Lang) are 
recorded for the first time on ornamental and medicinal plants. 


(Key words: new records, new hosts, mites) 


INTRODUCTION 


The tetranychoid mites are of considera- 
ble economic importance as they feed excl- 
usively on plants. Our knowledge about 
such mites of the Punjab state is rather 
incomplete particularly concerning those 
which infest ornamental and medicinal pl- 
ants. Prior to this study, only 14 species 
of mites were known to infest these plant 
categories in the Punjab (Gupta et a/, 
1971; Gupta, 1976; Sadana &  Kanta 
1972; Sadana & Joshi, 1976; Sadana & 
Chhabra, 1974, 1980a, b, c, d and Manin- 
der & Ghai, 1978). During extensive sur- 
veys of the tetranychoid mites infesting 
ornamental and medicinal plants in the 
Punjab State, we have recorded fifteen 
species of mites on new host plants. Of 
these, Bakerina aculus Chaudhri Tenuipal- 
pus pernicis Chaudhri, Akbar and Rasool, 
are recorded for the first time from India 
and Punjab respectively. Brevipaplus rugu- 
losus Chaudhri, Akbar and Rasool, B. 
Rarachiensis Chaudhri, Akbar and Rasool 
Tenuipalpus punicae Pritchard & Baker and 
Schizotetranychus undulatus (Beer and Lang) 


are recorded for the first time on orname- 
ntal and medicinal plants although these 
are known to occur on other plants in the 
state. The mite species encountered on or- 
namental and medicinal plants during the 
surveys are embodied systematically toge- 
their with their new hosts hereunder. 


Family Tetranychidae 


1. Aponychus sulcatus Chaudhri 
Host : ex Sachharum spontaneum. 


2. Eutetranychus orientalis (Klein) 

Hosts: ex Jasminus sambac, Zinnia Sp., 
Tagetes erecta, Tabernaemontana divaricata, 
Callistemon lanceolatus, Passiflora Sp., 
Hibiscus rosa-sinensis, Datura alba, Ficus 
religiosa, Euphorbia pulcherima, Plumeria 
acutifolia and Carthamus roseus. 


3. Schizotetranyckus undulatus (Beer and 
Lang) 


Hosts : ex Acacia arabica and Jasm- 
inum grandiflorum 


4. Bakerina aculus Chaudhri 
Hosts: ex Thuja orientalis. 
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5. Tetranychus cinnabarinus (Boisduval) 
Hosts ex Ocimum sanctum, Arctotis 
sp., Jasminus sambac and Canna indica. 


Family Tenuipalpidae 


6. Aegyptobia nummulus Chaudhri 
Host: ex Cupressus sp. 


7: Brevipalpus californicus Banks 

Hosts : ex Tagetes erecta, Dracaena 
cirnabari, Clerodendron splendens, Lawsonia 
inermis, Ocimum sanc, um 
grandiflorum 


and Jasminum 


8. lrevipalpus obovatus Donnadieu 

Hosts ex Jasminus sambac, Callist 
emon lanceol:tus, Plumeria acutifolia, So- 
lidago canadensis, Celosia cristata, Lantana 
camara var. aculeata, Datura alba, Oci- 
mum sanctum, Ricinus communis, Delphini- 
um ejacis, Coleus sp, Helianthus annus, 
Chrysanthemum sp., Gomphrena globosa, Zin- 
nia sp., Michelia champaca, Citrus limon, 
Dahlia sp., Ocimum basilicum and Cartha- 
mus roseus. 


9. Brevipalpus phoenicis (Geijskes) 

Hosts: ex Thevetia peruviana, Campsis 
grandiflora, Polvalthia longifolia, Anthoce- 
phalus cadumba, Chrysanthemum sp., Jas- 
minus sambac, Malvaviscus conzatti, Clero- 
dendvon inermis, Bauhinia variegata, Hibiscus 
rosa-sinensis, Plumeria acutifolia, Zinnia 
sp., Cosmos sp., Datura alba, Cymbopogon 
sp., Pothos scandens and Solanum nigrum. 


10. Brevipalpus karachiensis Chaudhri, 


Akbar and Rasool 


Hosts: ex Zinnia sp., Callistemon lan- 
cenlatus, Anthocephalus cadumba and Lage- 
rstroemia indica, 


11. Brevipalpus rugulosus Chaudhri, Akbar 
and Rasool. 

Hosts : ex Canna indica, Zinnia sp. 
Cannabis sativus. Polyalthia longifolia, 
Tabernaemontana divaricata, Tagetes erecta, 
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Acacia arabica, Solidago canadensis, Heli- 
anthus annus, Soianum nigrum, Campsis gran- 
diflora, Acalypha wilkesiana, Celosia cristata, 
Citrus limon, Cosmos sp., Rosa indica, 
Plumeria acutifolia, Ricinus communis, Val- 


laris solanacea and Datura alba. 


12. Tenuipalpus mustus Chaudhri 
Host: ex Melia azedarch. 


13. Tenuipalpus punicae Pritchard & Baker 


Host: ex Tecoma stans. 
14. Tenuipalpus pernicis Chaudhri, Akbar& 
Rasool 
Host: ax Calotropis procera. 
15. Tenuipalpus ludhianaensis Sadana & 
Chhabra. 


Host : ex Melia azedarch. 
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RHYTHM AND ITS ENTRAINMENT BY 
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Pupal eclosion in Pyrausta (Hapalia) machaeralis starts usually from about one h after the 


beginning of the scotophase and ceases one h after midnight, 


Peak period of adult emer- 


gence is between 9 PM and 11 PM. There is an early preponderance of females emerging 


from a brood which probably prevents to a certain extent inbreeding, 
constant light condition show the same rhythm of eclosion 
when animals are subjected to constant light throguhout their life from 


fram eggs to adult emergence. 
without showing any peak period. 


Pupae subjected to 
However, eclosion is arhythmic 
larval emergence 


Adults then emerge at all times during the day and night 
Thus the eclosion rhythm in this animal is entrained by 


the daily photoperiodism when the anim»is are subjected to it from early larval stages, 


(Key words: 


INTRODUCTION 


Many developmental events occurring 
once in the life of insects, are controlled 
by circadian oscillations so that a parti- 
cular event occurs at a definite time. 
Imaginal ecdysis, most apparent among 
these has been observed to follow a cir- 
cadian rhythm in many insects, correlated 
with the locomotor activity rhythm and 
reproductive behavioural patterns of that 
species. Among the Lepideptera, Archips 
negundanus emerges only during night 
(PARKER & MAYOR, 1972) and the corn 
earworm Heliothis zea emerges between 7 
PM and li PM (BECK, 1968) though 
the carpenterworm moth,  Prionoxystus 
robiniae has a peak period of emergence 
around midday (SOLOMON & NEEL, 1972). 
The dragonfly Tetragoneuria cynosura emer- 
ges before 9 AM; a number of chiro- 
nomids emerge between sunset and midnight 
and dipterans like Drosophila spp. and 


eclosion rhythm, entrainment, photoperiodism, Purausta (Hapalia) machaeralis) 


Scatophaga stercoraria have mornmg maxi- 
ma of emergence (BECK, 1968). On the 
other hand emergence is an arhythmic 
event in Aedes aegypti (SAUNDERS, 1979). 
Some endogenous rhythms like feeding 
activity, locomotor activity etc. freeruns in 
the absence of environmental cues. But 
an entrainment by light in the pattern of 
eclosion takes place when the photoperiodic 
‘zeitgeber’ is included from the very be- 
ginning of development. The present paper 
deals with the circadian rhythm of eclosion 
in Pyrausta machaeralis and its enterain- 
ment by photoperiodism. 


MATERIAL AND METHODS 


P. machaeralis is a notorious teak leaf skele- 
tonizer causing damage in teak plantations. Ori- 
ginal stock of the laboratory colony of the 
insect was from Kulathupuzha plantations 62km 
away from Trivandrum city. Larvae were reared 
in polythene basins on teak leaves. Pupae for- 
med were taken out and kept in clean specimen 
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bottles. Moths emerged from them in 5—6 days, 
which were transferred to glass chimneys. The 
rearing vessels were covered with fine mesh 


cloth to prevent animals’ escape. Not more 
than two pairs of moths were kept in one 
chimney. Cotton swabs soaked in 102, sugar 
solution were kept in chimneys. The moths 


sucked sugar solution from the swabs. Eggs 
laid each day were kept isolated from the others. 
Larvae which normally emerged from the eggs 
by three days, were transferred to basins.  Re- 
aring was carried out under laboratory conditions 
of temperature (23? —32?C) humidity (70 %4— 94%) 
and light dark cycles (approximately | 2:12). Insects 
for experiments were taken from this colony. 


Experiment 1. Pupal behaviour and eclosion: 


The pupal behaviour and eclosion rhythm 
were studied under laboratory conditions during 
June, September and December 1979.  Pupae 
formed each day were collected from the colony 
on five consecutive days. Each day's collection 
was divided into groups of I0 each and kept in 
chimneys for adults to emerge. The adults were 
counted and removed at | h interval. A total of 
451 pupae were studied during three months. 
Mode of dehiscence of pupal skin at adult 
emergence was also observed. 


Experiment 2. 
pattern: 


Influence of sex on the emergence 


This experiment was designed to study the 
influence of sex on the pattern of adult emergence 
in the laboratory colony. For this, four pairs 
of moths were selected from the colony and 
the progeny of each pair were reared in isolation. 
Sex of the adults emerging from these isolated 
colonies was noted every day in the morning. 


Experiment 3. Effect of light on the eclosion 
rhythm: 


The third series of experiments were designed 
to study the effects of light on the eclosion 
rhythm. — Eclosion was studied (a) subjecting 
pupae during the entire pupal period to light 
(LL) provided by two 40W fluorescent tubes 
from a height of seven feet during night, and 
by day light during day. For this, pupae, in 
seven groups of ten each, were kept in glass 
chimneys, opening of which was covered with 
perforated polytbene paper permitting free access 
to air. Eclosion was recorded at 1 h interval. 
Finally (b) larvae from the time of hatching out 
from the eggs, as well as their pupae were 
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subjected to continuous light (LL) as before till 
the adults emerged. Soon after larvae hatched 
from eggs 10 larvae were transferred to each 
teak leaf placed inside the chimneys. Teak 
leaves were changed every day. From late 3rd 
instar onwards when the larvae were voracious, 
teak leaves were provided twice daily. Adult 
emergence was recorded at 1 h interval as 
previously. 


OBSERVATIONS 


Pupal behaviour and eclosion 


Newly formed pupae were greenish 
white and delicate, enclosed in a translu- 
cent cocoon spun by the larvae between 
two folds of teak leaf. The cocoon is 
oval in outline and bears 14—16 small 
openings around its rim. It is not fastened 
to the leaf at its anterior end. Tanning 
takes place gradually. Pupae become vel- 
lowish green within 2 h of their formation 
and subsequently become brownish. On 
the day of eclosion they appear reddish 
brown. Pupae remain quiescent, but if 
disturbed now they many react by twist- 
ing the abdominal segments. When they 
are about to eclose they are slightly more 
active. Fixing their posterior tips with 
cremastral spines they rotate their bodies 
by twisting the abdominal segments. The 
pupal case ultimately splits along the epicra- 
nial suture and along the suture between 
the pronotum and the occiput. Head and 
part of the thoracic region come out 
through the slit first. About two minutes 
later the whole body is liberated from 
the pupal case by shaking the body from 
side to side. Quickly the newly emerged 
adult crawls a few feet and pauses for a 
minute. Then it begins to expand its 
wings which are kept folded till then and 
which extend only upto three fourths of 
its abdoman. Fully expanded wings are 
kept vertical for drying. They assume 
normal posture after about six minutes. 


ECLOSION RHYTHM 


Normal eclosion rhythm 


The data is represented in Table 1. 
It may be seen that adult emergence starts 
from about one hour after the beginning 
of scotophase and ceases one hour after 
midnight. Peak period of emergence is 
between 9 PM and |] PM However a 
small percentage continues to emerge till 
early morning and about 524 of the adults 
emerge during photophase. In the hete- 
rogeneous population both sexes have the 
same rhythm of eclosion, 85% of males 
and 90°, of females emerge during the 
dark. There is a slight change in the 
peak period of emergence during the di- 
fferent months under observation. 


TABLE |. 


Eclosion rhythm of Pyrausta ( Hapalia) 
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There is an early preponderance of 
females emerging from the four broods 
as seen in Table 2, This early prepon- 
derance of female emergence in the 
emergence rhythm narrows down during 
the successive days and subsequently a 
male preponderance is manifested among 
the brood. The mean probability of 
obtaining a female adult in the successive 
days of emergence drops from 0.9407 to 
0.000 frorn the first day to the seventh 
day of emergence (Table 2). Interestingly, 
the mean probability levels show a sudden 
drop from 0.9407 to 0.5558 during the 
first two days of emergence and then on- 
wards it decreases gradually. By analysis 


machaeralis emerging under normal 


laboratory conditions of LD 12:12 (P9 of adult emerging, corrected to the nearest 
whole number; data pooled from different broods; numerator represents males; 
denominator represents females). 


Hofday 7212 13 14 15 16 17 18 19 20 21 222324 1234 56 7 8 9 1011 
| Month 
June 00 000) 06 6118 6 81111202000 0 
Temp 26-29C RH 90-98% 909 © O UT 18 6 8 9 8 22101120000 6 
Sentember 000010026 9 98 741070000009 0 
Temp 25—29:C RH 73—80% 00 9 o 10 + x T 0 1T.06821001107050 0 0 
December 00 0001 100 5889 :03595101000 0 Q 
Temp 23—29?C RH 70—85% 00 O i T1007 FES 0 8S5B0òTI00 o B 
TABLt 2. Mean probability level of obtaining a female adult in the succeeding 
days of emergence from broods of 4 pairs of moths. 
Day Mean probability level Coefficient. variation 
Ist 0.9407 7.893 
2 0.5558 24.411 
3 0.5101 16.23 
4 0.4430 21.94 
5 0.3549 54.96 
6 0.0682 
7 0.0000 — 


pit = a + b Ti where pit is the probability of obtaining a female adult in 1 day of 


the i? pair (i = 
pit — 0.94478—0.13495**T (r 


i to 4, t = | to 7) and Ti is the day of emergence. 
—0.96937)**. 


**Significant at 0.01 probability level. 
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TABLE 3. 
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Eclosion rhythm of Pyrausta (Hapalia) machaeralis under experimental 


conditions (?5 of adults emerging, corrected to the nearest whole number; 
data pooled from different broods). 


ee e 


Time of eclo- 
sion, h — 12 13 14 15 16 17 


Pupae alone under 
LL; other stages 


under LD 12:12 0.00000 4 12 
All stages 
under LL 4 2 4 7 4 4 4 2 


18 19 20 21 


15 22 24 15 


22 23 24 1 2 34 5 6 7 8 9 10 11 


6300000000 0 0 


7 4407702274 47 4 4 


of the probability levels by a simple linear 
regression equation of the form given in 
the table, the value of the correlation 
coefficient is found to be negative and 
statistically significant at 0.0! probability 
level. 


Pupae subjected to constant light (LL) 


Pupae subjected to LL condition show 
the same rhythm of eclosion (Table 3). 
Peak period is still between 8 PM and 
11 PM. The pupae do not entrain the 
shift in the photoperiod from LD to LL. 


Animals subjected to constant light 
throughteut larval and pupal periods 


(LL) 


Eclosion is arhythmic when animals 
are subjected to constant light throughout 
their life from larval emergence from eggs 
to adult emergence. Adults emerge at all 
times during day and night without show- 
ing any peak period (Table 3), 


DISCUSSION 


The present studies show that Pyrausta 
machaeralis resembles the pyralid moth 
Dioryctria abietella (FATZINGER & ASHER, 
1971) with regard to the mode of eclo- 
sion from the pupae. In P. machaeralis 
males and females have the same maxi- 
ma of emergence as in the lepidopterans 
Halisidota argentata and Nepytia phantas- 


maria (EDWARDS, 1964), although in Pyra- 
usta machaeralis the present studies show 
that there is an early preponderance of 
females emergiag from a brood. Slight 
deviations in the peak period of eme, gence 
during the different months under obser- 
vation is apparently due to small changes 
of natural photoperiodic conditions, In 
the carpenterworm moth Prionoxystus robi- 
niae males and females have different 
maxima of daily emergence, the peak 
period in males being 5—6 h earlier than 
that of females (SOLOMON & NEEL, 1972), 
In these animals the males attain sexual 
maturity in 5—6 h and the females within 
one hour after emergence (SOLOMON & 
NEEL, 1973). Thus their dual rhythm 
correlates well with their mating habits. 
Observations on the mating behaviour of 
P. machaeralis (unpublished observations) 
do not show any such correlation between 
earlier emergence of females and mating 
activities because newly emerged females do 
not mate until the third night after adult 
emergence. However, the early prepon- 
derance of female emergence from a brood 
apparently due to a shorter developmental 
period may prevent inbreeding in at least 
par of the population. Other significance, 
if any, of this difference between the sexes 
in the emergence pattern, on the biology 
of this animal is not known, Sensitivity 
to environmental cues vary markedly during 
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different stages of development of an in- 
sect. The flesh fly Sarcophaga argyrostoma 
show little sensitivity to light during pupal 
period aad do not entrain a shift in the 
photoperiod (SAUNDERS, 1976). Its res- 
ponsive period is restricted to larval instars. 
The early morning maxima of emergence 
of the screw-worm fly Cochliomyia homi- 
nivorax under LD 12:12 can be shifted to 
late afternoon when the photoperiodic 
regimen to which the larvae and pupae 
are subjected to is changed to LD 4:20. 
However the entrained rhythm is unaltered 
by photoperiodic shift in the pupal period 
alone (HIGHTOWER er al., 1971). Obser- 
vations on the entrainment by light on 
the eclosion behaviour in P. machaeralis 
thus appears to be comparable to those 
on the other insects reported above. 
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The tachinid fly, Eucelatoria sp. nr. armigera (Coq.) is currently being bred in the laboratory 


for subsequent field release for control 


of Heliothis armigera (Hubn.) on severa! crops. 


Development of this parasite on 3rd, 4th, early 5th and late 5th instars of /7. armigera 


was studied and the results reported, 


Host 
attack occurred only when 3id instar lervae were parasitised. 
sitism was obtained by exposing 4th and early 5th instar larvae to the mated females. 


larval mortality (23.91%) due to parasite 
Higher percentage of para- 


The 


duration of developmental period of maggots (male and female) decreased with advance in 


host larval instar parasitised. 
larval development, 
weighed more. 


Puparia period increased generally with development in host 
Parasite puparia (male and female) resulting from older host larvae 
The parasitized older larvae (early 5th and late 5th instar) yielded more 
puparia/host, higher percentage of fly emergence and normal sex ratio, 
effect of superparasitism revealed a reduction in maggot and puparial 
and puparial weight with increased density of paracites/host, 


A study of the 
developmental time 
Based on the data obtained 


in this study, the early 5th instar of H armigera was found as the most suitable stage 


for the breeding of £. sp. nr. armigera. 


(Key words: 


INTRODUCTION 


Eucelatoria sp. nr. armigera (COQ.) is a 
common parasite of Heliothis spp. in seve- 
ral parts of USA. An average of 51% 
parasitism by this parasite on Heliothis 
was observed in field cage studies on 
cotton (BRYAN et al., 1972), The biology 
of this tachinid was studied and a mass 
rearing technique was also developed 
(JACKSON el al., 1969), Length of develop- 
ment period of E. sp. nr. armigera and 
Eucelatoria armigera COQ. was determined 


1 Previously referred to as Eucelatoría armigera 
(Jackson et al., 1969) and Eucelatoria sp. (Bryan 
et al., 1970, 1972; Ziser et al., 1977; Ziser 
and Nettles, 1978). 


Contribution No. 1049 of the Indian Institute of 
Horticultural Research, Bangalore-80. 


Heliothis armigera, Eucelatoria sp. nr, armigera, tachinid) 


on Heliothis virescens (F.) (BRYAN et al., 
1970) and longevity and production of 
progeny of E sp. nr. armigera were also 
studied (BRYAN et al, 1972). ZISER et 
al., (1977) reported some effects of super: 
parasitism by this tachinid. This parasi- 
tic fly was reared in India on H armigera 
by SANKARAN & NAGARAJA (1979). 
Development of E. sp. nr. armigera in 
different instars of H. armigera has not 
been studied so far. The present inves- 
tigation was carried out to obtain infor- 
mation in this aspect and eventually to 
determine the most favourable stage for 
rearing E. sp. nr. armigera. 


MATERIALS AND METHODS 


Cultures of E. sp, nr armigera and H. 
armigera were maintained in the laboratory as 
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described by SANKARAN & NAGARAJA (1979) 
and NAGARKATTI & SATYAPRAKASH (1974) res- 
pectively. All rearing and testing was done at 
27.7 + 1.0°C and 68.3 + 6.99, RH. 


Five instars were reported in the larval 
development of H. armigera by BILAPATE el al. 
(1978). Since this tachinid did not prefer to 
larviposit either in Ist or 2nd instar host larvae, 
the present study was limited to 3rd, 4th, early 
5th and late 5th instars. Fifty larvae in each 
instar were weighed, individually offered to the 
mated females for parasitisation and kept in glass 
vials of 7.5x2.5cm (numbered) individually with 
artificial diet. Host larvae were inspected daily 
to determine the parasite developmental period. 
Puparial formation was recorded at 1—3 hours 
interval and the puparia from each larva were 
kept individually in 7.5 X 2.5cm glass vials 
(labelled). Parasite puparia were weighed 48 
hours after formation and were returned to the 
same vials for observing fly emergence. This 
was done at one hour intervals during the day 
only since there was no emergence at night. 


Larval instars, weights and percentage of 
parasitism are given in Table t. The per cent 
parasitism was worked out by two methods, 
Le, individual exposure and mass exposure. 
In the first case, larvae were offered by means 
of a brush individually to the mated females for 
larviposition. After haemolymph oozed from 
the puncture in the host larva due to parasite 
attack, the larvae were returned to the vials 
with diet. In the latter method twentyfive larvae 
Of each instar were kept at the same time in a 
cage (30 X 30 X 30 cm) for one hour in which 
100 mated females were kept. During this period, 
cannibalism was avoided by periodically separa- 
ting the larvae which aggregated. Only the 
percentage of parasitism was recorded in tha 
mass exposure method. 


The formation of one and two puparia in 
single host larva was found in sufficient numbers 
in all the instars parasitised. Hence the study 
on the length of development and  puparial 
weight of the parasite was restricted to those 
parasitised larvae which yielded one and two 
puparia host. The data obtained from the early 
5th instar parasitised larvae were used to study 
the effect of superparasitism. 


Student's ‘t’? test was employed to find out 
the difference in developmental time and puparial 
weight between male and female tachinids. To 
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analyse the difference in length of development 
and puparial weight among the different larval 
instars of H. armigera, completely randomised 
block design (‘F° test) was applied. 


RESULTS AND DISCUSSION 


Host larval mortality (21.4295) due to 
parasitism occurred only in third instar 
larvae and there was no mortality among 
other larval instars parasitised. Host 
mortality of 3rd instar unparasitised was 
not observed in the present study. Per- 
centage of pupation was 9.52, Il.ll and 
8.88 in 3rd, 4th and early 5th instar 
larvae exposed to parasites respectively 
but it was 23.91 percent in the late Sth 
instar larvae, Observation on percentage 
of parasitism by both the methods of 
exposure is presented in Table 1. Higher 
per cent parasitism was recorded in the 
4th and early Sth instars in both the 
methods whereas it was 69.04 and 26.08 
percent in the 3rd instar by individual 
and mass exposure methods respectively. 


Host larval mortality before comple- 
tion of development of internal parasites 
has been reported by ELSEY de RABB 
(1970) in case of Trichoplusia ni parasi- 
tised by the tachinid, Voria ruralis and 
by RING et al. (1976) in Diatraea saccha- 
ralis (F.) parasitised by Lixophaga diatraeae 
(TOWNSEND). Inthe presentcase, lower 
per cent parasitism was observed when 3rd 
instar larvae were parasitised which may 
be due to death of host larvae before 
completion of development of the para- 
site. In the mass exposure method, the 
parasites mostly preferred larger larvae 
since they found difficulty in grasping 
smaller larvae (3rd iastar) for larviposi- 
tion. Higher percentage of pupation in 
the late 5th instar larvae may be due to 
failure of parasite maggots to complete 
the development in the host as reported] 
by EL»2Y & Haag (1970). In genera 
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TABLE 1. Percentage parasitism by Eucelatoria sp. nr. armigera by two methods of 
exposure with different larval instars of H. armigera. 
Details of host Per cent parasitism 

Larval Larval age Larval weight Individual Mass 
instar (days) (img) exposure exposure 

3rd 6 12.93 + 5.32 69.04 26.08 

4th 8 86.00 + 20 77 88.88 90.90 

5th fearly) 10 192.78 + 38.91 91.30 91.30 

Sth (late) 13 445.56 + 62.96 73.91 70.83 
TaBLE 2. Length of development and puparial weight of Eucelatoria sp. nr. armigera on 


different instars of Heliothis armigera when one puparium/host larva is obtained. 


t i : ; , 

Res IDEE. of E Pupal period (Days)* Puparial weight (mg)* 
host Male Female Mean Male Female Mean Male Female Mean 
3rd 6.12: 6.38" 6.25: 8.76 9.21% 8.98» 15.80^ 16.14^ 15.97* 
4th 5.998 6.122 6.1225 9.19 9.702” $5.45 28.181 29.001 28.59) 
Sth (early) 5.43'* 5.45%»  5,45'c 9.22 9.88" 9.55* 30.71* 31.00* 30.86^^ 
5th (late) —4.79* 4.82" 4.81* 9.42 9.921 9.67" 32.001 33.00: 32.502 
Level of 

significance 0.01 0.05 0.01 Not sig- 0.05 0.01 0.1 0.01 0.01 

nificant 


* Means followed by the 


same letter do not differ significantly at 5% level by 


completely randomised block design (‘F” test). 


4th and early 5th instar larvae were rea- 
dily accepted by Eucelatoria and also fairly 
higher percentage of parasitism was obser- 
ved in both the methods of exposure. 


Maggot development 


The duration of parasite developmental 
period (male and female) decreased signi- 
ficantly with advance in host larval stage 
(Table 2). The same trend was observed 
when two puparia/host were obtained, but 
the differences in length of developmental 
period among different larval instars were 
not statistically significant (Table 3), De- 
velopmenta! period of maggots was always 


less for males than for females but the 
difference was not significant, The redu- 
ction in developmental period of maggots 
with advance in development of host larva 
may be associated with the maggot pre- 
funnel period as reported by MILES & 
RING (1975) in L. diatraeae on D. sacchara- 
lis and ELSEY & RABB (1970) in V, ruralis 
on T. ni. The smaller host larvae may 
take some time to grow so that they can 
supply sufficient food to support parasite 
development. This delay in maggot deve- 
lopment is a beneficial adaptation, since 
had the rate of growth been equal to that 
in larger host larvae, the host would have 
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been overwhelmed resulting in death of 
both host and parasite as concluded by 
ELSEY & Rapp (1970). 


Puparial development 


Developmental time from puparia for- 
mation 10 adult emergence tended to 
increase with advancement of host larval 
development in both male and female 
parasites. Males emerged earlier than 
females. Significant differences were obser- 
ved in the puparia period of males and 
females when two puparia froma single 
4th and early Sth instar parasitised larvae 
were obtained (Table 3). Increase in du- 
ration of puparial period with advancement 
in development of host larvae that had 
been parasitised was earlier reported by 
MILES & KING (1975) but this is unex- 
plained. 


Puparial weight 


There was significant increase in pupa- 
rial weight (male and female) with 
advancement in development of parasitised 
host larvae. KING et al. (1975) reported 
similar increase in puparial weight of L. 
diatraeae with advancement in host age. 


TABLE 3. 
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MCPHERSON (1975) also reported increas- 
ing puparial weight of L. diatraeae with 
increasing host weight. Older host larvae 
provide more food for the development 
of parasite maggots resulting in larger 
puparia. 


A male puparium weighed less than 
that of a female but the difference was 
not significant, MILES & KING (1976) 
also reported that weight of male puparia 
did not differ significantly from female 
puparia in L. diatraeae. Lower weight 
of male puparia may be due to lower 
requirement of food than in case of female 
of Eucelatoria sp. (ZISER et al., 1977), 


Number of puparia 


A mean of 1.21, 1.68, 2.69 and 3.26 
puparia host were recovered from 3rd, 4th 
earlv 5th and late 5th instar host larvae 
respectively. Smaller host larvae could 
not support the development of a large 
number of parasite maggots. MILES & 
KING (1975) reported that younger larvae 
could support successful development of 
only one maggot and older larvae could 
support two/larva. 


Length of development and puparial weight of Eucelatoria sp. nr. armigera on 


different instars of Heliothis armigera when two puparia/host larva are obtained. 


l l tal iod of ; 1 n . A 

pa of Deve ‘maggot (days) Y Puarial period (Days) Puparial weight tng)". 

host Male Female Mean Male Female Mean Male Female Mean 

3rd 5.49 5.60 5.55 8.69 8.76 8.73" 9.17* 9.50* 9.39* 

4th 5.39 5.78 $.57 8.75 9.33** 9.04% 24.17> 24.44^ 24.318 

5th (early) 5.20 5.34 5.27 8.97 9.61** 9.29%  27.00* 28.25: 27.719 

5th (late) 5.19 5.26 5.22 9.01 9.80 9.4]* — 30.831 31.002 30.922 
Level of sig- Not sig- Not sig- Not sig- Not ag Notsig- 0.05 0.01 0.01 0.01 
nificance nificant nificant nificant nificant nificant 


* Means followed by the same letter do not 
randomised block design (‘F’ test). 
Student’s ‘t’ test. 


** Significantly different from male at 0.05% 


differ significantly at 5% level by completely 
by 
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Fly emergence 


Maximum of 96.46 percent fly emer- 
gence was observed when early 5th instar 
larvae were parasitised, while the yield 
was lower (80%) from 3rd instar hosts 
(Table 4). KING et al. (1976) found simi- 
lar results with L. diatraeae. An average 
of 90.704 puparia produced viable adults 
in Eucelatoria sp. according to ZISER et 
al. (1977). 


TABLE 4. 
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Sex ratio 


More males of E sp. nr. armigera 
emerged from puparia obtained from 3rd 
and 4th instar larvae whereas normal sex 
ratio of 1:1.16 and l:1.15 were observed 
from 5th instar parasitised larvae (early 
and late). 

The early 5th instar of H. armigera 
was the most suitable stage for rearing 
this tachinid because of its: (1) higher 


Infiuence of different larval instars of H. armigera on the development of 


number of puparia, fly emergence and sex ratio of E. sp. nr. armigera. 


Larval instar Number of parasite puparia Fly emergence Sex ratio 

of host . obtained per host larva C) 9 g 
Mean Range 

3rd 1.21 1—2 80.00 1:1.45 

4th 1.68 1—3 89.52 I 21:83 

5th (early) 2.69 1—7 96.46 1:1.16 

5th (late) 3.26 1—7 93.69 1:1:15 
TABLE 5. Effect of density of puparia/host larva on the length of development and 


puparial weight of E. sp. nr. armigera on early fifth larval instar of H. armigera. 


Number Developmental period of 

of puparia/ parasite maggot* Puparial period (Days) Puparial weight (mg)* 
host larva Male Female ` Mean ` Male Female Mean Male Female Mean 
1 5.43 5.481 5.451 9.22 9.88 9.55 30.712 31.00: 30.861 
2 5.348 5.25% 5.2915 8.97 9.80 9.44 27.00" 28.25% 27,25? 
3 4.982» 5.05" 5.01" 9.30 9.79 9.50 25.10* 24,29» 24.76° 
4 4.77° 4.99 4.889 8.84 9.60** 9.23 21.389 22.29% — 21.854 
5 4.17* 4.83" 4.57" 9.00 9.25 9.15 17.00%  18.00*9 . 17.50* 
6 4.00* 4.04* 4.02* 8.94 9.29** 9,11 14.672 14.502 14.582 
7 3.742 3.925 3.79: 9.19 9.12 9.17 13.402 14.501 13:95: 
Level of 0.01 0.0] 0.01 Non-sig- Non-sige Non-sig- 0.01 0.01 0.01 
significance nificant nificant  nificant 

* Means followed by the same latter do not differ significantly at 595 level by 


completely randomised block design ('F' test). 


at 5% level by Student's ‘t’ test. 


** Significantly different from male 
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acceptability; (2) higher percentage of para- 
sitism; (3) lower incidence of pupation of 
host exposed to the parasite; (4) compa- 
ratively higher puparia weight; (5) higher 
percentage of fly emergence and (6) normal 
sex ratio. 


Effect of density of puparialhost on the 
length of development and puparial weight 


Since we found early 5th instar H. 
armigera larvae to be ideal for breeding 
this parasite, the effect of super parasi- 
tism was studied on this instar but only 
on a limited scale, since ZISER ei al. 
(1977) have already reported in detail the 
effects of density of maggots/host of Euce- 
latoria sp. on H. virescens. The duration 
of development period of the maggots 
(both the male and female) significantly 
decreased with increasing parasite density 
(Table 5). Males developed in shorter 
time than females but again the difference 
was not significant when more parasite 
maggots were deposited in a single larva, 
the contents of the body were consumed 
more rapidly by the maggots resulting in 
rapid puparia formation. This may be 
the reason for a shorter developmental 
time when density of parasites/host incre- 
ased and vice-versa, 


The duration of puparial period was 
significantly reduced when the density of 
puparia/host increased, especialiy in case 
of female parasites, but there was no 
definite trend in males. Males emerged 
first and there was no significant differ- 
ence in the puprial period between male 
and female parasites except when four 
and six puparia/host were obtained. 


Puparial weight (males and females) 
decreased significantly as the density of 
puparia/host increased. Female puparial 
weight was always more than that of 
males regardless of the density of para- 
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sites/host but the difference was not 
significant. All the above results agree 
with those of ZISER et al. (1977) who 
studied the effects of superparasitism by 
Eucelatoria sp. on H. virescens. Decrease 
in puparia weight of L. diatraeae with 
increasing maggot density in D, saccharalis 
was also reported by KING et al. (1976). 


Because of higher percentage of para- 
sitism, more puparia/host, higher percentage 
of fly emergence and normal sex ratio, 
the early fifth instar larva was found to 
be the most suitable stage for breeding 
this tachinid. Fora number of characters 
studied, early and late 5th instar larvae 
were on par but the former were more 


readily accepted by the parasite than the 
latter, 
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FIVE NEW SPECIES OF ANTHOCOPTES NALEPA (1892) 


(ERIOPHYIDAE : ACARINA) 


FROM SOUTH INDIA 


M. MOHANASUNDARAM 


Cashew Research Station, Vridhachalam, India 606 001 


(Received 20 July 1980) 


The paper presents descriptions and 
which ara 
walayarensis sp nov. 


new to sc ence 
(Key words: new Anthocoptes from India) 


In this paper fie species of Anthocoptes 


Nalepa (1892) have been described and 
adequately figured. 
The types and paratype stides are 


deposited in the Department of Agricul- 
tural Entomology Collections, Aericultural 
College and Research Institute, Tamil Nadu 
Agricultural University, Coimbatore, 641- 
003, India. 
1. Anthocoptes ayyanari sp. nov. (Figs. 1-9). 
This mite belongs te the group of 
Anthocoptes with 6 rayed feather claw and 
resembles  Anthocoptes depressus Farkas 
(1963) but differentiated from it by the 
clear genital cover flap and the faint lines 
on the shield apart from the measurements, 
It is differentiated from Anthocoptes bakeri 
Keifer (1959) by the 5 rayed feather claw 
and the clear genital coverflap. 


Female:* 130—140 long; 50 wide: rost- 
rum 15 long, evenly down curved; antapical 
seta 4 long. Shield 30 wide, 20 long 
with short faintly represented admedians 
and submedians. Dorsal tubercles on the 
shield margin, 20 apart: dorsal seta 16 
long, pointing backward. Foreleg 20 long; 


1 All measurements of length are in pin, unless 
otherwise specified. 


They az A. ayyanari, sp, nov.. 
Their affinities to the known species are also given, 


fiqures of five species of Anthocontes Nalepa (1892) 


A. pavoniae sp. nov., and A. 


tibia 5 long: tibial seta 3 long at basal 
| 3: tarsus 5 long: claw 5 long: feather 
clau 6 rayed: femoral. patellar, tibial and 
tarsal setae present. Hind leg 20 long, 
tibia 4 long: tarsus 4 long; claw 7 long. 
Coxae broadly joined: with all three seti- 
ferous tubercles: seta I, 8 long; seta II, 24 
long: seta IH, 25 long; coxal area smooth. 
Abdomen with about 16—18 broad, smooth 
tergites, 65 microtuberculate sternites; lateral 
seta i3 long on ring 8; first ventral seta 
37 long on ring 25: second ventral seta 
10 long on ring 40: third ventral seta 12 
long on iing 5 from behind: caudal seta 
40 long; accessory seta | long. Female 
genitalia 16 wide: 8 long; coverflap smooth 
without any lines; genital seta 17 long. 


Male: 130—135 long; 37 thick, geni- 


talia. 13 wide; genital seta 15 long. 


Types: A holotype slide with 3 99 and 6 
paratype slides with 3 oo and 3 ou, 
INDIA, TAMIL NADU, District South 
Arcot, Villupuram Taluk, Sendanur Ayyanar 
Temple (Near Railway Station), 17. viii. 
1975, Coll. Mohanasundaram (No. 185). 


Remarks: Mites collected. from an 
unidentified tree, found in the buds. 
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furo opres ayyanarí sp. nov. 
view of mite; 
forelez: 6. 

Male genitalia; 


2. Anthocoptes paveniae sp. nov. (Figs. 
10—16). 

This species is near Anthocc ptes helian- 
thellae Keifer (1962) by its 4 rayed feather 
claw but differs from it by the scorings 
on the sides of shield and by the larger 
number of tergires in the abdomen. It 


(Figs. 1—91. 1. 
3. Side skin structure; 
Internil female apodeme; 7. 


Feather claw; 2. Side 
4. Side view of cauda; 5. Left 
Dorsal view of snield; 8. 


9. Female genitalia and coxae from below. 


difters from Anthocoptes tcctonae sp. nov, 
described in this paper, by the shield 
design. It also differs from the other 4 
rayed feather claw mite, Anthocoptes gutier- 
reziae Keifer (1962) by its shield design 
and larger number of tergites. 
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Anthocoptes pavoníae sp. nov. (Figs. 10—16). 


11. Side skin structure; 
deme: 14. Side view of cauda; 
genitalia and coxae from below. 


Female: 200—210 long; 50 thick: 
rostrum 13 long, pointing obliquely forward 


and downward; antapical seta 3 long. 
Shield triangular, 40 wide and 20 long; 


median line and admedians faintly repre- 
sented at the rear shield margin and sub- 
median as short line on either side: sides 
of shield with few oblique lines; dorsal 
tubercles on rear shield margin, 18 apart: 
dorsal seta 26 long: pointing backward and 
outward. Foreleg 25 long; tibia 5 long; 


12. Feather claw; 
15. Dorsal view of shield; 


10. Side view of mite; 
13. Internal female apo- 
16. Female 


tibial seta 4 long; at basal 1/3, tarsus 6 
long: claw 6 long, fairly straight, feather claw 
4 rayed; femoral, patellar, Ubial and tarsal 
setae present. Hindley 22 long; tibia 4 
long: tarsus 4 long: claw 8 long: femoral, 
patellar and tarsal se ae present, Coxal 
area granular in the forecoxae; sparsely 
granular on the hind coxae; all three 
setiferous tubercles present: seta 1, 10 long 
seta HI], 15 long: seta HI, 16 long. Ab- 
domen with broad tergites, 25—28 in num- 
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ber, with faint elongate microtuberculation 


and 57—60 finely microtuberculate ster- 
nites; last few segments with narrow rings; 
lateral seta 18 long on ring 10; first ven- 


tral seta 30 long on ring 20; second ventral 
seta 8 long on ring 32; third ventral seta 
15 long on ring 6 from behind; caudal 
seta 50 long; accessory seta 4 long: female 
10 long, coverflap 
long. 


genitalia 18 wide and 
with 10—12 lines; genital seta 5 
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Male: Not known. 


Types: A holotype slide and 6 para 
type slides all with 99, INDIA, TAMIL 
NADU, Coimbatore. Struvani Hills near 
falls, 25. vii. 1976, Coll. Mohanasundaram 
(No. 247). 


Host: Pavonia sp. Malvaceae, The 
mites cause white erineum patches on both 
sides of the leaf. 


Authocoptes tectonae sp. noy (Figs. 
Side view of cauda; 19. Feather claw; 
claw; 22, Dorsal view of shield; 
and coxae from below. 


17—24). 17. 


23. Male genitalia; 


Side view of mite; 18. 
20, Side skin structure; 2l. Feather 
24. Female genitalia 


FIVE NEW SPECIES 
3. Anthocoptes tectonae sp. nov. (Ligs. 
17—24). 

This species resembles Anthocoptes 
shepherdiae Keifer (1966) by its micro- 
tuberculation, but differ hy the shield de- 
sign, 4 raved feather claw and the clear 
forecoxal area. It differs from the other 
4 rayed feather claw mites like Anthocoptes 
gutierreziae Keifer (1962) and Arthocoptes 
helianthellae Keifer (1962) by its very chare- 
cteristic clear shield lines. 


Female: Mites white, like, 
curved, 160—170 long, 44 thick; rostrum 
12 long, evenly down curved, antapical 
seta short, 2 long. Shield triangular, 28 
wide and 20 long, with a distinct design, 
Median line straight, admedians straight, 
slightly converging anteriorly, first sub- 
median straight parallel to admedians; 
second submedians slightly curved with an 
abrupt bend near the rear shield margin; 
third submedian arched and passes along 
the shield margin; sides of shield clear. 


worm 


Dorsal tubercles at shield margin: 16 
apart: dorsal seta 25 Jong: projecting 
caudad. Fore leg 22 long: tibia 2.5 long, 


tibial seta at about | 3 from base, 3 long; 
tarsus 5.5 long: long, sliehtly 
curved: feather claw 4 rayed. The femoral, 
patellar, tibial and tarsal setae present, 
Hind leg 19 long; tibia 3.5 long: tarsus 
5.5 long: claw 8 lone: fairly straight, tape- 
ring and blunt at tip. The femoral, patei- 
lar and tarsal setae present. Coxae fairly 
smooth except for a f w granulations in the 
hind coxae: all three setiferous tubercles 
present, placed wider apart from mid line; 
seta I, 6 long: seta H, 8 long: seta II, 12 
long. Abdomen with about 35 broad 
distinct tergites and 60—70 narrow ster- 
nites. Tergites with faint, elongated, widely 
placed  microtuberculation; sternite with 
closely set, round microtubercles along the 
posterior margin of each ring. Lateral 


claw 5.5 
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seta 11 long on ring 13; first ventral seta 
40 long on ring 25: second ventral seta 
7 long on ring 39; third ventral seta 15 
long on ring 6 from behind: caudal seta 
50 long: seta 2 long. Female 
genitalia 16.5 wide and 10 long, coveiflap 
with 8— IO lines: genital seta 5 long, very 
thin. 


accessory 


Male: 

Types: A holotype slide and 5 paratype 
slides all with 29, INDIA, TAMIL NADU, 
Kallar, Fruit Research Station, 16. v. 1973, 
Coll. Mohanasundaram (No, 59). 


Not known. 


Host: Tectona grandis Linn. (Verbe- 
naceae). Mites on lower side of leaf, 
among hairs. No symptoms. 


4. Anthocoptes vitexae sp. nov. (Figs. 
25—30). 
This species resembles ` Anthocoptes 


shepherdiae Keifer (1966) in its general ap- 
pearance but differentiated by the shield 
pattern, 4 rayed feather claw, longer shield 
setae and the tergites without microtuber- 
culation. It differs from other 4 rayed 
feather claw mites like Anthocoptes gutier- 
reziae Keifer (1962) and Anthocoptes helian- 
thellae Keifer (1962) by the clear cut shield 
pattern. 


Female: Mites white, worm like, 160— 
#75 long: 40 thick: rostrum 20 long: evenly 
down curv. d antapical seta 5 long. Shield 
30 wide and 22 Jong, with a clear pattern 
of lines. Median line represented at the 
basal 1 3, forked anteriorly j ins the ad- 
medians: admedians wavy, complete, forked 
posteriorly and joining with the submedians 
forming cells. First submedians wavy, for- 
ked posteriorlv, forming cells with the adme- 
dans. Second submedian forms the border 
of the shield. Sides of shield granular 
with small lines. Dorsal tubercles on rear 
shield margin, 20 apart, tubercles ard setae 
pointing backwards; dorsal seta 28 long. 
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Anthocoptes vitexae sp. nov. 
ather claw; 27. Side skin structure; 
and coxae frem telcw; 30. 

Fore Jeg 28 long; tibia 7 long: tibial 


seta 4 long at middle, tarsus 5 long: claw 
5.5 long, slightly curved and tapering; 
feather. claw 4 rayed, Foreleg with the 
usual femoral, patellar, tibial and tarsal 
setae, Hind leg 25 long; tibia 5 5 long, 
tarsus 5 long; claw 7.5 long; with femoral, 
patellar and tarsal setae, Coxae granular; 


(Figs. 25--30). 
28. Male genitalia: 


26. Fe- 
29. Female genitalia 


25. Side view of mite; 


Dorsal view cf shield. 


fiist and second setiferous tubercles nearer 
the central line, third situated wider apart, 
seta I, 5 long: seta II, 15 long; seta IH, 
18 long. Abdomen with about 22—25 
tergites, and 60 sternites; tergites broad 
and without microtuberculation; sternites 
with fine dot like microstriations at the 


posterior 1/3 of each ring; becomes 
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elongated towards th: posterior segments 
and found as definite microstriations in the 


last 


ring 
ring 
ring 
long; 


with 


10 segments,  Lareral seta 22 long slides, all with 99, 
on ring ll; first ventral seta 44 lone on Villuouram Taluk, Valavanur, 12, i, 1973, 


Male: Not known, 


Types: A holotype slide and six paratype 
INDL, TAMIL NADU 


22; second ventral seta 20 long on Coll. Mohanasundaram (No. 42). 


37; third ventral seta 22 Jong on 


Host: Vitex negundo Linn. (Verbena 
five from behind: caudal seta 60  ceae). Mites vagrants on tender foliage and 


accessory sett 2.5 Jong, Female buds, 
genitalia 15 wide and 10 long: coverflap — 5. 
10—12 lines; genital seta 16 long, (Figs. 31—33). 


Anthocoptes walayarensis sp. nov. (Figs. 
32. Feather claw; 33. Side skin structure; 
Female genitalia and coxae from below. 


Anthocoptes ` walayarensis 


31 —-35) 31. Side view of mite; 


34. Dorsal view of shield; 


35. 
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This species resembles Anthocoptes 
adathodae Channabasavanna (1966), but 
could be differentiated by the number of 
tergites, size, shape of shield, length of 
claw and coxae. The new species form 
erineum patches and deforms the leaves 
while 4. adathodae is found as leaf va- 
grants and among buds. This is also 
differentiated from other 4 raved feather 
claw mites like A. and A. 
helianthellae (Keifer, 1962), by the roun- 
ded anterior shield raargin: clear coxal 
area, the number of scorings on the fe- 
male genital coverflap and the number 
of tergites. 


gutierreziae 


Female: White, worm like, curved, 150- 
170 long, 40 thick, rostrum 15 long, eve- 
nly down curved; antapical seta 3 long; 
shield triangular, rounded antericr lte 
overhenging rostrum base: shield 22 wide, 
18 long without any markings dorsally 
as well as on the sides: dorsal tubercles 
10 apart, prominent, on rear shield mar- 
gin; dorsal setae 24 long, pointing caudad. 
Fore leg 25 long: tibia 3 long; tibial 
seta 3 long at about middle: tarsus 5 
long; claw 8 long; feather claw 4 rayed; 
femoral, patellar. tibial and tarsal setae 
present. Hindleg 23 long: tibia 3 long; 
tarsus 4 long; 10 long; femoral, 
patellar and tarsal setae present. Coxae 
closely appressed, first setiferous coxal 
tubercles at anterior end of fore coxae, 
second setiferous tubercles in line with 
the first at middle of forecoxae: third 
setiferous tubercles placed wider apart 
at middle of hind coxae; seta I, 6 long; 
seta I], 25 long; seta III, 27 long; coxal 
area clear. Abdomen with 32—3» tergites 


claw 
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and 62—65  sternites, telosomal rings 
complete. Tergites broad and smooth, 
sternites uniformly microtuberculate, 
crotubercles round and dot like; teloso- 
malsternites with microstriations, Lateral 
seta 20 long on sternite 8; first ventral 
seta 60 long on sternite 21; second ven- 
tral seta 12 long on sternite 36; third 
ventral seta 20 long on rirg 6 from be- 
hind; caudal seta t0 long: accessory seta 
5 long. Female genitalia 15 wide and 10 
long; coverflap with 8--10 lines; genital 
seta 4 long. 


mi- 


Male: 
Types: 
slides 


Not known. 


A holotype slide and 10 paratype 
all with 99. INDIA, TAMI. NADU, 
Nalayar Forest, Kerala Tamil Nadu border, 
28.11.1972, Coll Mchanasundaram (No. 53) 
Host: Unidentified tree. The leaves are 
crinkled, deformed and pitted due to eri- 
neum formation, 
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Population studies of jujube leaf-webbers viz., Synclera univocalis Walker, Ancylis lutescens 
Meyr, Limaecia sp. and an unidentified species, which were carried out during 1978—1979 
in the jujube (Zizyphus mauritiana Lamk.) orchard of the Punjab Agricultural University, 
Ludhiana revealed that the jujube webbers are serious pests owing to their high populations 
and Synclera univocalis Walker is a dominant species among the jujube webbers. The 
mean pooled population of the webbers feeding on the jujube trees varied from 17.00 to 
63.00 larvae + pupae / 100 leaves, with an average of 39.50 + 15.75 larvae] 100 leaves. 
There were three peaks of population; one in August and September, second in January 
end third in April— May. The highest population was in May and it differed significantly 
from all other months excepting August. The minimum population was in June and it 
differed significantly from all other months. The presence of all stages of the webbers at 
a time throughout the vear suggests that these insects had overlapping ct generations and 


are active throughout tne year 
(Key words: 


INTRODUCTION 


About 50 species of insects were reported 
to damage the jujube (Zizyphus mauritiana 
LAMK.) orchards in India (WADHI & 
BATRA, 1964). The leaf webbers, Syncle- 
ra univocalis WALKER, Ancylis lutescens 
MAYR, Limaecia sp. and an unidentified 
species, are the important pests of jujube 
in the Punjab and among these, S. uni- 
vocalis was dominant one. The larvae 
turn the margin of the leaves by the help 
of silken threads and feed within. The 
advanced stages of larvae may eat all the 
green portion of the leaves leaving behind 
only papery epidermis. On an average a 
single larva of S. univocalis in Xs life 
span consumed 7.11 cm? of leaf on area 
basis and 0.135 g of green tissue on weight 
basis. Mostly one larva/leaf was present 
and 67.8 per cent of the larvae preferred 
the single leaf web. The huge loss in 


population studies, population structure, jujube webbers) 


the food synthesising material (leaves) 
results in a tremendous loss to the vigour 
of the trees. In view of the serious na- 
ture of the problem, this study was 
initiated. 


MATERIALS AND METHODS 


During 1978—1979 the counts of larvae and 
pupae of different species of jujube leaf-webbers 
were taken in the jujube (Zizyphus mauritiana 
LAMK var. uniran) orchard of the Punjab Agri- 
cultural University at Ludhiana. The counts 
were made by observing 100 leaves (25 from 
each side of the tree) randomly for larval and 
pupal counts. The observations were taken at 
weekly interval during 1978— 1979. There were 
five replications and each tree served as one 
replication. The counts of larvae and pupae 
of different species of webbers involved were 
kept separately. 


RESULTS AND DISCUSSION 


The 
species 


Population | studies: 
counts of difierent 


population 
of jujube 
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webbers which were taken during 1978— 
1979 are as follows: 


1. Synclera univocalis ` The mean 
larval and pupal population per 100 leaves 
varied from 11.40 to 48.25 and 1.75 to 
11.75 respectively and the averages were 
29.15 and 6.15 for larvae and pupae res- 
pectively (Table 1). The pooled mean 
population of larvae and pupae per 100 
leaves varied from 15.C0 to 57.00 and 
the average being 35.50. There were three 
peaks of populations; one in July to 
September, second in December to January 
third in April—May (Fig. 1). 


2. Ancylis lutescens The mean 
larval population varied from 0.50 to 4.75 
larvae/ 100 leaves. There were two peaks 
of the population, one in May and other 
in January. The population in May was 
significantly higher than all the other 
months excepting January. The pooled 
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(larval + pupal) population ranged from 
0.75 to 6.25 larvae +- pupae/100 leaves 
(Table 1; Fig. 1). 


3. Limaecia sp. : The mean larval -+ 
pupal population varied from 0.25 to 2.00 
larvae-|-pupae per 100 leaves (Table 1) in 
different months and the differences were 
non-significant. 

4. Unidentified sp. : During different 
months the mean larval-j-pupal population 
varied from 0.25 to 1.50 larave -}- pupae 
per ICO leaves (Table 1) and there was 
no significant difference in population of 
different months. 

The mean pooled population of the 
webbers (S. univocalis, A. lutescens, Lima- 
ecia sp. and an unidentified sp.) feeding 
on the jujube trees varied from 17.00 to 
63.00 larvae -+ pupae/100 leaves, with an 
average of 39.50 = 15.75 larvae + pupae/ 
100 leaves (Table 1). There were three 


—— —9 ENCYLIS LUTESCENS MEYR 
€—— — e SYNCLERA UNIVOCALIS Win 


@-----# LIMAECIA SPECIES 


&----- 9 UNIDENTIFIED SPECIES 


Fig. 


Population fluctuation of different species of leaf-webbers 
on jujube during 1978—1979. 


353 
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TanLE 2. Proportion of the jujube leaf webbers. 


Mean population/100 leaves during 1978—1979 


Species “Larval - Pupal 
S. univocalis WALKER 29.35 6.15 
A. lutescens MEYR 1.81 0 63 
Limaecia sp. 0.67 0.23 
Unidentified sp. 0.50 0.21 


‘Larval + Percentage of larval+ 
pupal pupal population 
35.50 89.7 

2.44 6.2 
0.90 2.3 
0.71 1.8 


peaks of population; one in August and 
September, second in January and third 
in April—May. The highest population 
was in May and it differed significantly 
from all other months excepting August. 
The minimum population was in June 
and it differed significantly from all 
other months This low population may 
be due to hot weather or owing to less 
new growth. Thus, the presence of all 
stages of the webbers at a time through- 
out the year suggests that these insects 
had overlapping of generations and are 
active throughout the year. 


Population structure: Table 1 shows 
that as many as 474.50 larvae -|- pupae 
(378.95 larvae -l- 86.85 pupae) of jujube 
leaf-webber were observed during 1978-1979 
and Table 2 shows that the proportion 
of the 4 species of jujube leaf-webbers. 


The population of S. univocalis was 
higher than all the other species of web- 
bers and thus S. univocalis was the 
dominant species among the jujube web- 
bers. 
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Indian mustard (Brassica juncea L.) sown during October gave better growth of plants and 
higher yicld of seed than these sown during November, Apolication of insecticides as spray 
also were significanily superior to untreated plots with respect to seed yield or the crop, 
Crops sown during October end receiving spray with endosulfan at 0,04", in the first 
round with the inception of pest incidence followed by methyl demeton at 0.025", after 
15 days and repeating the same at the same interval tpto the pod filling stage of the crop 
gave better yield of seed as compared to identical treatment beginning with quinalphos 
0.04%, and treatment with methyl demeton at 0.025", ane However, there was no sig- 
nificant difference among the cifferent insecticidal treatments. It hes been contended 
that slight infestation of Lipaphis erysimi (Kalt.) has no remarkable effect on seed yield. 
(Key words: time of sowing, insecticical treatments, mustard pests, seed yield) 


INTRODUCTION 


Breaking of the synchrony between the 
vulnerable growth stage of the plants and 
the time of incidence of pest is one of 
the cultural methods of pest conrtol. It 
has been suggested that such asynchrony 


may be brought about  berween the 
key pest of mustard, Lipaphis ervsimi 


(KALT.) and mustard crop by advancing 


the date of sowing of the crop 
(BHATTACHARJEE, 1961; MAINI, 1963). 


This is possible when there is only one 
major pest or the time of occurrence of 
major pests is more or less identical. It 
bis recently been reported that mustard 
and rape in West Bengal are ravaged by 
quite few other pesis like Crocidolomia 
binotulis (ZELL) and  P/utella xylostella 
(KiRK.) which have different periods of 
preponderence from aphid (GHOSH, 1979), 
However, with a view to evaluate the ap- 
plicability of advanced date of sowing of 


mustard to avoid damage by aphid and 
its effect on other pests a field trial was 
taken up at Kalvani, West Bengal during 
the crop season of 1977— 78. 


MATERIALS AND METHODS 


A field trial was laid 
sign with Indian mustard (Brassica juncea L.) 
variety ‘Varuna’. The main plot treatments 
consisted of three dates of sowing as October 
29, 1977, November 15, 1977 and November 29, 
1977 and four sub-plot treatments were: (1) Spr- 
aying with endosulfan at 0.042, with the 
ption of aphid incidence followed 
by two rounds of spraying with methyl 
demetan at 0,025", at the same interval; (2) Sp- 
raving with quinalphos at 0.04°, with the ince- 
ption of aphid incidence and spraying after 15 
days with methyl demeton at 0.025°,, and repea- 


out in split plot de- 


ince- 
after 15 
days 


ting the same once after 15 days: (3) Spray- 
ing with methyl demeton at 0.025°, with the 


inception of aphid incidence and repeating the 
same twice at 15 days interval; (4) No insecti- 
cidal treatment. The above sub-plot treatments 
were started on December 14, 1977 on plots 
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sown on October 29, 1977 and on plots sown 
on later two dates it was started on January 4, 
1978. Each of the treatments were replicated 
4 times. Spraying was done with hand compres- 
sion sprayer to give full coverage. 
sown in line at 35cm distance and the plants 
were thinned to maintain plant to plant distance 
at 25cm within the All the treatments 
recieved uniform cultural practices lor raising 
the crop. 


Seeds were 


row. 


Observations on the incidence of pests were 
taken from December 15. 1977 and repeated at 
weekly intervals till the crops matured. Inci- 
dence was recorded in each subplot on 5 ran- 
domly selected and labelled plants. The record 
of aphid incidence was done by scoring degree 
of infestation as given by MUKHOPADHYAY & 
GHuosH (1979) and for other pests number of 
larvae on the selected plants were recorded. 
Height of the selected plants was recorded from 
middle of January and continued at weekly in- 
tervals throughout the season and final post 
harvest data of plant height, number of bran- 
ches per plant, number of fruits per plants and 
seed yield of each sub plot leaving 50 cm along 
the border were recorded. 


RESULTS AND DISCUSSION 


Effects on aphid infestation:—Incidence 
of aphid, Lipaphis erysimi (KALT.), as 
recorded by the observations on un- 
treated plants of all dates of sowing 
revealed some difference of the starting of 
incidence, This was during the second 
week of December on plants sown on 29 
October 1977 (first date of sowing) and 
during the fourth week of December on 
plants sown on 15 December 1977 (second 
date of sowing) and 29 November 1977 
(third date of sowing). The age of the 
plants of the three dates of sowing at the 
time of inception of aphid incidence was 
43, 38 and 23 days respectively. In spite of 
these difference sin the period of inception 
of incidence the peak of population inci- 
dence did not vary remarkably and was 
recorded during thirdweek of January 1978. 
The age of the plants of the three dates 
of sowing at thepeak of incidence of aphid 
was 87, 72 and 57 days respectively. The 
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incidence of aphid persisted on plants of 
all dates of sowing till the plants were 
harvested (Fig. 1). 
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Fig. 1. Aphid incidence pattern on plants 
of different dates of sowing. 
Statistical analysis of the data on 
aphids during peak period of  inci- 


dence revealed that both the main plot 
treatments (dates of sowing) and subplot 
treatments (spraying with insecticides) dif- 
fered significantly. The incidence was 
minimum on plants of last date of sowing 
during observations of 20 and 27 January 
1978 and on first date of sowing during 
observation of 3 February 1978 and highest 
mean incidence was recorded on plants of 
first date of sowing in observation of 
20 January 1978 and on plants of second 
date of sowing in observation of 27 Jan- 
uary 1978 and 3 February 1978, The 
different insecticidal treatments differed 
significantly from untreated control but 
there was no Statistical difference among 
the different sets of insecticida! treatments 
during any of the observations. The in- 
teraction between the dates of sowing and 
insecticidal treatments was significant for 
observations of 20 January 1978 and 27 
January 1978 but it was not so for the 
observation of 3 February 1978 (Table 1). 

Effect on chewing pests:—The larvae of 
sawfly (Athalia proxima lugens (KLUG.), 


INSECTICIDAL TREATMENT FOR 


TABLE: |. 


Mean degree of aphid incidence 
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Influence of date of sowing and insecticidal treatment on incidence of pests. 


Larval population for 5 plants 


for plant = (Mean of all observations) 
Treatments 20 Jan ^78 27Jan 78 3 Feb'78 sawllv Cabbage 
worm 
Date of sowing (main plot trentments) 
October 29, 1977 1.76 2.4] 0.78 3.33 10.72 
November 15, 1977 1.34 2.63 251 2.00 1.32 
November 29, 1977 0.91 1.74 2.02 0.42 1.66 
SEM + 0.082 0.0855 0.1418 
CD at 5% 0.2381 0.2463 0.4085 
Insecticides (Subplot treatmants) 
Quinalphos/methy! demeton 0.95 1.68 1.48 LI 4.75 
Endosulfan/methyl demeton 1.06 1.87 1.67 0.83 2.07 
Only methyl demeton 0.97 1.75 1.32 1.75 4.18 
No insecticide 2.35 3.75 2.37 1.58 3.68 
SEM + 0.0954 0.0987 0.1637 
CD at 5% 0.2749 0.2844 0.4718 
Interaction Sig. Sig. NS 


(Date of sowing X Insectide) 


larger cabbage worm (Crocidolomia bino- 
talis CELL.) and larvae of diamond back 
moth (Plutella xylostella KIRK.) was re- 
corded to be of some economic importance 
than others (GHOSH, 1979). These occur- 
red in somewhat definite succession. 


The incidence of sawfly larvae was 
restricted during January when they in- 
fested plants of all age but was more pre- 
dominant on plants of first date of sow- 
ing and it was lowest on plants of last 
date of sowing. Larger cabbage worm was 
recorded first during middle of December 
when it infested only plants of the first 
date of sowing and the population was 
remarkably high. This insect persisted till 
maturity of the crops but the p pulation 
was comparatively low during the latter 
month than the same during December. 
However, the plants of the first date of 


sowing harboured higher portion of po- 
pulation than on plants of second and 
third dates of sowing. But when the plants 
of first date of sowing was harvested the 
population of cabbage worm on the later 
two dates of sowing increased (Table 1). 
The incidence of the larvae of diamond 
back moth could be noticed only during 
March which appeared to be late as com- 
pared to that observed during other years 
(GHOSH, 1979). By the time the larvae 
appeared the plants of the first and second 
dates of sowing were already harvested and 
thus evaded the damage due to this pest. 


The incidence of these insects was not 
appreciably high to cause any remarkable 
injury to the crop and thus affect yield. 
However, it could be found that by early 
sowing of the crop not only the damage 
due to larvae of diamond back moth can 
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be evaded in certain years, the duration of 


incidence of other chewing insects like 
sawfly larvae and larger cabbage worm 
can be reduced to a large extent. As the 


population of the mentioned chewin» in- 
sects was low the data of obse; vations on 
them were not subjected to statistical ana- 
lysis but it appears that the insecticidal 
treatments had no remarkab'e eflect on 
these insects (Table 1). 

Effects on yield attributing characters 
and seed yield:— The height of plants showed 
significant difference between the different 
dates of sowing upto 27 January 1978. But 
during obervation of the subsequent three 
weeks the plants of last two dates of sow- 
ing did not differ significantly in height 
though the plants of the first date of sow- 
ing was significantly taller than the piants 
of the Jater two dates of sowing (Table 2). 
It therefore, implies that there is a critical 
period of sowing of this crop, probably 
the month of October, after which plants 
ultimately do not grow in much diflerent 
way specially with respect to height. When 
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the hight of the plants of different dates of 
sowing but of same age were compared, it 
was found that the plants of first date of 
sowing were much taller than the other two 
dates of sowing and the latter varicd very 


little (Fig. 2). The insecucidal treatments 
were significantly superior to untreated 


control but in this attribute also the dif- 
ferent insecticidal ticatments did not vary 
significantly among themseives and the in- 
teraction between dates of and 
insecticidal treatments was not significant 
on all the dates of observations (Table 2). 


sowing 
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ES SOWN ON NOV 29,1977 


: 


160 
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Fig. 2. Effect of date of sowing on plant height. 


TaBLe 2. Effect of date of sowing and insecticidal treatments on preharvest plant height. 
Treatments Mean height (cm? of plant on č I 
27 Jan '78 3 Feb 778 10 Feb '78 17 Feb’ 78 

Date of sowing (main plot treatment 

October 29, 1977 162.40 162.31 161.11 161.84 

November 15, 1977 133.19 137.60 139.35 139.03 

November 29, 1977 108.74 128.11 133.62 134.03 
SEM + 3.2185 3.3662 3.1258 3.4179 
CD at 5$ 9.2715 9.6971 9.0045 9.8461 

Insecticides (Subplot treatment) 

Quinalphos/methyl demeton 138.08 148.34 150.74 150.58 

| ndosulfan/methy! demeton 139.49 147.53 140.85 151572 

Only methyl demeton 132.99 143.58 147.26 146.73 

No insecticide 128.99 131.25 131.55 133.28 
SEM + — 3.8870 3.6093 3.9467 
CD at 5% NS 1121973 10.3975 11.3693 

Interaction (Date & Insecticide) NS NS Ns NS 
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TABLE 3. 
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Effect of soving and insecticidal treatment on yield attributing 


characters and seed yield. 


Final height 


Treatments (cm) of plant 


Dates of sowing (Main plot treatment) 


October 29, 1977 159.77 
Vovember 15, 1977 137.50 
November 29, 1977 135.46 
SEM + 3.3600 
CD at 5% 9.6794 
Insecticides (Subplot treatments) 
Quinalphos/methyl demeton 130.58 
Endosulfan/methyl demeton 151.41 
Only methyl demeton 142.44 
No insecticide 132.95 
SEM + 3.8799 
CD as 5% 11.1768 
Interaction (Date & Insecticide) NS 


Number of Number of fruits Seed yield (Kg) 
branches per plant per plot 
per plant (3m X 1.5m) 

40.22 302.49 7.69 
18.30 106.10 3.46 
12.14 107.62 3.37 
2.5068 23.46 0.6974 
7.2214 67.6031 2.0090 
22.66 198.17 6.02 
23.80 213.05 6.81 
26.38 193.55 4.70 
21.36 83.55 1.83 
27.09 0.8052 
NS 78.0613 2.3197 
NS Sig. 


The other yield attributing characters 
like final height of the plants, number of 
branches and number of fruits per plant 
and also the seed yield varied significantly 
with respect to time of sowing. It was 
found that on these characters the lirst date 
of sowing was significantly superior to other 
two dates of sowing. The last two dates of 
sowing were not significantly different bet- 
ween themselves. Insecticidal treatments 
also differed significantly from untreated 
control excepting the number of branches 
per plant. Further in fina! height of the 
plant only methyl demeton application was 
not statistically different from untreated 
control while the other two treatments 
though not mutually different were signi- 
ficantly superior to no treatment of in- 
secticide or with treatment of methyl 
demeton alone. 


Number of fruits per plant in the 
insecticide treated plots was significantly 


superior to untreated control but the dif- 
ferent insecticidal treatment did not vary 
statistically among themselves. With res- 
pect to seed yield also the insecticidal treat- 
ments differed significantly from untreated 
plots and interestingly the plots receiving 
only methyl demeton spray yielded seeds 
that were signiflcantly less than other two 
insecticide treatments, Interaction between 
the date of sowing and insecticidal treat- 
ments was significant with respect to seed 
yield but was not significant with respect 
to yield attributing characters considered 
here (Table 3). 


Analyses of data as elaborated in the 
foregoing revealed that earlier sowing 
(October) was better for obtaining favourable 
growth and other yield attributing charac- 
ters leading to better realisation of seed 
yield than sowing at later dates (i.e. Novem- 
ber). The significant interaction between 
dates of sowing and insecticidal treatments 
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during peak period of incidence of aphid 
(Table 1) indicated that further enhance- 
ment of yield was possible by resorting to 
aphid control measures on the early sown 
crops. lt was found that the aphid infest- 
ation was in general lower in the plots 
receiving first application of spray with 
quinalphos at 0.04% followed after 15 days 
by spraying with methyl demeton at 0.025% 
twice at the same interval (Table 1) but 
with regard to yield attributting characters 
like height of plant at harvest and num- 
ber of fruits per plant and also seed yield 
the insecticidal treatments of endosulfan at 
0.04% during first round followed by 
methyl demeton at 0.025% at 15 days in- 
terval was better than other treatments 
(Table 3). It might be noted that the 
mean population of chewing pests was 
comparatively low in the plots receiving 
the aforesaid treatment and this might 
have some role in the ultimate effects. It 
has been reported that early sown crop 
harboured lesser infestation of aphid which 
sometimes evaded the infestation (BHAT- 
TACHARJEE, 1961; MAINI, 1965) but dur- 
ing the present investigation the infestation 
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was not completely evaded and during 
peak of incidence of aphid the early sown 
crop harboured higher degree of incidence 
than the later two dates of sowing. How- 
ever, the duration of heavy population 
incidence was lesser on the plants sown 
during October than that in November 
and plants remained aphid free for a longer 
period during the initial phase of growth 
of the plant in the first date of sowing. 
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Two nevv species, viz., 


Eutrichosiphum (Eutrichosiphum) manoji from Sikkim and Greenidea 


(Trichosiphum) brachyunguis from Sikkim and a new alate morph cf Eutrichosiphum (Eutri- 
chosiphum) arunachali Basu, Ghosh and Raycheudhuri from Arunachal Pradesh (NEFA) are 


described. 
(Key words: 


While working on a collection of aphids 
made during the period 1968—1973 two new 
species and one undescribed morph could 
be found and these are described here. 


Materials of the new species are in 
the collection of the Entomology Labora- 
tory, Department of Zoology, University 
of Calcutta. 

]. Eutrichosiphum (Eutrichosiphum) manoji 
sp. nov. 


Apterous viviparous female (Fig. 1): 


Body elongated oval, about 2.47—2.56 
mm long with about 1.02—1.1] mm as 
maximum width. Head pale brown, smooth 
and bearing maay long hairs with acumi- 
nate to furcated apices. Antennae 5-seg- 
mented, about 0.51 x body, concolorous 
with head excepting apical portion of 
segments IV and V; flagellum gradually 
distinctly imbricated apicad: precessus ter- 
minalis 1.45 x base of segment V and 
about 0.43 x segment III; hairs on flagellum 
sparse with acuminate to acute apices: 
longest hair on antennal segment III about 
3.30 x basal diameter of the segment. 
Rosrtum reaching abdominal segment 2: 
segments 44-5 of rostrum slender and 
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acute, about 3.57 x second segment of 
hind tarsus and segment 4 about 7.33x 
segment 5, with about 12—i4 secondary 
hairs. Abdominal dorsum pale and smooth, 
long and short hairs occur intermingled, 
longer ones with furcated apices. and shor- 
ter ones with acute to acuminate apices; 
longest hair on anterior abdominal tergites 
about 3.10 x basal diameter of antennal 
segment Ill: each of tergites 7 and 8 with 
2 hairs and these are about 3.40 x and 3.70 x 
the mentioned diameter respectively. Sip- 
hunculi pale with apicalmost portion 
brown, slightly curved outwards, about 
0.43 x body and about 6.90 x its maxi- 
mum width; width of siphunculi at base 
2.87 x, at middle 5.62 x and at apex 
1.75 x middle diameter of hind tibiae; hairs 
on siphunculi mostly fine and some with 
acuminate apices; entirely spinulose and 
spinules being dense towards apex. Cauda 
semioval with 7 hairs. Legs concolorous 
with head but spinulose striae present on 
venter of femora; first tarsal segments tear 
7, 7, 7 hairs. 


Measurements of the holotype in mm 
Length of body 2.56, width 1.1]; antenna 
1.35, segments III: IV : V 0,57 : 0.22 : (0.16 
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Fig. 1. 
manoji, 
female: 


Eutrichosiphum (Eutrichosiphum) 
sp. nov:, Apterous viviparous 


A. body; B. u.r.s. 


to 0.25): ultimate rostral segment (4-!-5) 
0.38; second joint of hind tarsus 0.10; sip- 
hunculus 1.20. 


Holotype: Apterous viviparous 9, IN- 
DIA : SIKKIM, Gangtok cl675m, 28.x.1971 
from Quercus sp. (Fagaceae), coll. M. R. 
Ghosh, Paratypes: two apterous viviparous 
99. collection data same as for the holotype. 


Remarks: Among the known species 
of the subgenus Eutrichosiphum, under the 
genus Eutrichosiphum, the new species ap- 
proaches taoi Ghosh, Basu and Raychau- 
dhuri (1970) by having completely smooth 
abdominal dorsum, but differs in the fol- 
lowing characters ; ratio of segments 4--5 
of rostrum : h. t. 2, ratio of segment 4: 
segment 5 of rostrum and number of 
secondary hairs on rostrum beside other 
characters. 


The new specics is named after the 
collector Dr. Manoj Ranjan Ghosh. 
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2. Greenidea (Trichosiphum) brachyunguis, 
Sp. nov. 


Apterous viviparous female : 

Body about 2.51—3.0 mm long and 
about 1.44—1.88 mm as maximum width. 
Head brown, smooth, bearing hairs with 
fine to acuminate apices. Antenna 6-seg- 
mented, concolorous with head excepting 
segments III and IV which are somewhat 
paler, about, 0.68—0.75 x body, flagellum 
gradually more distinctly imbricated apicad; 
processus terminalis about 1.73—1.92 x base 
of segment VI and about 0.48—0.60 x 
segment IIT; longer hairs on flagellum with 
fine apices but shorter ones with acuminate 
apices, longest hair on segment HI about 
3.76—4.53 x and shortest one about l.0— 
2.33 x basal diameter of the segment. 
Rostrum reaching midcoxae; segments 4-|-5 
about 1.29— 1.53 x second joint of hind 
tarsus and segment 4 about 3.44—4.20 x 
segment 5 and bears 11—12 fine secondary 
hairs.  Tergum sclerotized, dark brown, 
smooth bearing many long hairs with fine 
apices and a few with acuminate apices, 
7th tergite with 7 hairs and 8th tergite 
with 2 long fine hairs; longest one on 
anterior abdominal tergites about 3.ll— 
3.66 x, on teigite 7 about 2.47—3.33 x and 
on tergite 8 about 2.94—3.46 xbasal dia- 
meter of antennal segment III respectively: 
abdominal venter with a dark spinopleural 
sclerotic patch and with evenly and den- 
sely distributed spinules keeping the mar- 
ginal area free, spinules stout and long. 
Siphunculi dark brown with pale apex, 
curved outwards, basally prominently re- 
ticulated, about 0.29—0.32 x body and 
about 3.74—6.50Xits maximum width, at 
base about 2.11—2.66 x, at middle about 
3.61 —4.46X and at apex about 1.50— 1.93 
width of middle of hind tibiae; hairs on 
siphunculi numerous 2nd flagellate, longest 
hair being about 1.70—2.02X basal dia- 
meter of the siphunculus; spinules present 
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in distinct transverse rows, these having 
denser apically. Cauda with a distinct 
median process. Legs concolorous with 
the head; femora with spinules arranged 
in rows dorsally; tibiae smooth without 
any imbrication, F, T. C. 7, 7, 7. 


Measurements of the holotype in mm: 
Length of body 2.56, width 1.51; antenna 
1.94, segments UI:IV:V:VI 0.69:0.22 :0.24: 
(0.20--0.36); ultimate rostral segment (4-!-5) 
0.24; second joint of hind tarsus 0.16; 
siphunculus 0.94. 


Holotype: Apterous viviparous 9, IN- 
DIA : SIKKIM, Gangtok, 27.xi.197] from 
Quercus sp. (Fragaceae), coll. M, R. Ghosh, 
paratypes: 6 apterous viviparous 99 and 9 
nymphs with the collection data same as 
for the holotype. 


Remarks: The new species under the 
subgenus Trichosiphum comes close to 
kuwaniae (Pergande), sinensis Raychaudhuri 
(1956); prunicola Ghosh, Banerjee and 
Raychaudhuri (1971) and carpini Takahashi 
(1963) in having evenly distributed spinu- 
les on venter of abdomen. But the species 
can easily be separated from those by 
the presence of long fine hairs on abdo- 
minal dorsum and on flagellum, by smooth 
tibiae and nearly smooth antenaal seg- 
ment III. Beside these, the new species 
differs from kuwaniae (Pergande). prunicola 
Ghosh, Banerjee and Raychaudhuri and 
carpini Takahashi by having shorter pro- 
cessus terminalis in comparison to the base 
of segment VI. 


3. Eutrichosiphum (Eutrichosiphum) aruna- 
chali Basu, Ghosh, ahd  Raychaudhur! 
Eutrichosiphum (Eutrichosiphum) | arunachali 
Basu, R. C., Ghosh, A. K. and Raychau- 
dhuri, D. N. 1972. Sci. Cult., 38: 494-495, 


Alate viviparous female: 
Body elongated about 1.86 mm long 
and about 0,87 mm as maximum width. 
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Antennae 5-segmented about 1.40 mm long 
and about 0.75 X the length of body, 
slightly darker than head, segment III with 
29—30 transversely oval secondary rhinaria 
arranged throughout the length of the 
segment; processus terminalis about 1.73 X 
base of last antennal segment and about 
030 X segment III: hairs on flagellum 
long, with acute apices and the longest 
one about 5.33X basal diameter of segment 
Ni. Rostrum reaches hind coxae; ultimate 
rostral segment (4+5) acute and about 
1.9] X second joint of hind tarsus and 
segment 4 about 4.57 X segment 5. Ab- 
dominal dorsum sclerotized with uniformly 
distributed minute spinules, dorsal abdo- 
minal hairs, both longer and shorter ones: 
with accuminate to acute apices; longest 
hair on anterior abdominal tergite about 
3.33 X and the shortest one about 0.66 
the basal diameter of antennal segment 
Ill; tergite 7 with 3 and 8 with 2 fiine 
hairs respectively and the longest one on 
tergite 7 about 3.0X and on 8 about 4,0x 
the basal diameter of antennal segment 
lH. Siphunculi dark brown, with faint 
reticulation on the middle portion and 
with transverse rows of spinules from the 
very base to apex which are dense towards 
the apicalmost portion, slightly curved 
outwards, about 0.45 X the length of bod v 
and about 8.50 X its maximnm width: 
width at base about 4.0X, at middle about 
3.66 X and at apex about 1.66 X the middle 
diameter of hind tibiae; hairs on siphun- 
culi long and fine, longest one about 1.9] * 
the basal diameter of the siphunculi. Cauda 
semioval with 8 hairs. Legs concolorous 
with head; hairs on legs with acute apices: 
tibiae almost smooth excepting the apicai 
portion, F. T. C. 7, 7, 7. Wing venation 
normal. Other characters as in apterous 
viviparous female. 


Measurements of the specimen in nim: 
Length of body 1.86, width of the body 
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Fig. 2. Grneenidea (Trichosiphnm) brachyunguis, sp. nov. Apterous 


viviparous female: 


C.87,. antenna 1.40, length of antennal 
segments HI:IV:V 0.37 :0.19: (0.13--0.22): 
ultimate rostral segment 0.19; second joint 
of hind tarsus 0.09; siphunculus 0.84. 


Collection data: Three apterous vivi- 
parous 99 and one alate viviparous 9 from 
Quercus sp. (Fagaceae), Paksing, ARUNA- 
CHAIL PRADESH, 20. ii. 1971, coll. R.C, 
Basu. 


Remark: Basu er al. (1972) described 
the species from apterous viviparous fe- 
males collected in ARUNACAAL PRADESH 
(NEFA). While re-examining those mate- 
rials, hitherto unknown alate morph of 
arunachali has been found and it is being 
described here. 
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